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HTERT SEQUENCES AND METHODS FOR
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/458,013, filed on Apr. 27, 2012, now issued as
U.S. Pat. No. 8,697,084 on Apr. 15, 2014, which is a divi-
sional of 12/375,518, filed on Oct. 27, 2009, now issued as
U.S. Pat. No. 8,168,769 on May 1, 2012, which claims pri-
ority to and is a national stage application under 35 U.S.C.
§371 of PCT International Application Serial Number PCT/
US2007/074769, filed Jul. 30, 2007, which claims priority to
U.S. Provisional Patent Application Ser. Nos. 60/890,352,
filed Feb. 16,2007; 60/833,856, filed Jul. 28, 2006; and
60/833,861, filed Jul. 28,2006, each of which is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to improved HIV, HPV, HCV,
Influenza and cancer vaccines, improved methods for induc-
ing immune responses, and for prophylactically and/or thera-
peutically immunizing individuals against HIV, HPV, HCYV,
Influenza and cancer.

BACKGROUND OF THE INVENTION

The HIV genome is highly plastic due to a high mutation
rate and functional compensation. This high mutation rate is
driven by atleast two mechanisms: the low fidelity of the viral
reverse transcriptase (RT) resulting in at least one mutation
per replication cycle, and the dual effects of the anti-retroviral
cellular factor APOBEC3G gene and viral infectivity factor
Vif accessory gene. Genomes with every possible mutation
and many double mutations are generated during every rep-
lication cycle, resulting in tremendous antigenic diversity.
Accordingly, it has been argued that a candidate vaccine
derived from an individual isolate may not elicit sufficient
cross reactivity to protect against diverse circulating HIV
viruses. Recent studies have suggested that consensus immu-
nogens (Gao, F., et al. 2005. Antigenicity and immunogenic-
ity of a synthetic human immunodeficiency virus type 1 group
m consensus envelope glycoprotein. J Virol 79:1154-63.;
Scriba, T. J., et al. 2005. Functionally-inactive and immuno-
genic Tat, Rev and Nef DNA vaccines derived from sub-
Saharan subtype C human immunodeficiency virus type 1
consensus sequences. Vaccine 23:1158-69) or ancestral
immunogens (Doria-Rose, N. A, et al. 2005. Human Immu-
nodeficiency Virus Type I subtype B Ancestral Envelope Pro-
tein Is Functional and Elicits Neutralizing Antibodies in Rab-
bits Similar to Those Elicited by a Circulating Subtype B
Envelope. J. Virol. 79:11214-11224; Gao, F., et al. 2004.
Centralized immunogens as a vaccine strategy to overcome
HIV-1 diversity. Expert Rev. Vaccines 3:S161-S168; Mullins,
J. 1., etal. 2004. Immunogen sequence: the fourth tier of AIDS
vaccine design. Expert Rev. Vaccines 3:S151-S159; Nickle,
D. C., et al. 2003. Consensus and ancestral state HIV vac-
cines. Science 299:1515-1517) may be useful in this regard.
However, the initial studies of these approaches showed rela-
tively modest cellular immune enhancement induced by these
immunogens.

Recently Derdeyn et al. analyzed HIV-1 subtype C enve-
lope glycoprotein sequences in eight African heterosexual
transmission pairs and found that shorter V1, V2 and V4
length and fewer glycans are the common features shared by
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the sequences obtained from early transmitters (Derdeyn, C.
A, etal. 2004. Envelope-constrained neutralization-sensitive
HIV-1 after heterosexual transmission. Science 303:2019-
2022.). This data suggests that antigens that mimic such
viruses might have relevance for the early-transmitted
viruses. However, such early transmitter structures have not
been observed for all subtypes (Chohan, B., etal. 2005. Selec-
tion for Human Immunodeficiency Virus Type 1 envelope
glycosylation variants with shorter V1-V2 loop sequences
occurs during transmission of certain genetic subtypes and
may impact viral RNA levels. J. Virol. 79:6528-6531). How-
ever, incorporation of shorter V loops in an envelope immu-
nogen may have other benefits, such as enhancement of sen-
sitivity to soluble CD4 (Pickora, C., et al. 2005. Identification
of two N-linked glycosylation sites within the core of the
Simian Immunodeficiency virus glycoprotein whose removal
enhances sensitivity to soluble CD4. J. Virol. 79:12575-
12583), and should be considered.

Studies have shown the importance of HIV-1 specific CTL
responses in controlling viral load during acute and asymp-
tomatic infection and the development of AIDS. However, it
is unclear if current envelope based DNA vaccines are as
potent as needed. Several methods have been used to increase
the expression levels of HIV-1 immunogens, such as codon
optimization (Andre, S., et al. 1998. Increased immune
response elicited by DNA vaccination with a synthetic gp120
sequence with optimized codon usage. J Virol 72:1497-503;
Deml, L., et al. A. 2001. Multiple effects of codon usage
optimization on expression and immunogenicity of DNA
candidate vaccines encoding the human immunodeficiency
virus type 1 gag protein. J. Virol. 75:10991-11001), RNA
optimization (Muthumani, K., et al. 2003. Novel engineered
HIV-1 East African Clade-A gpl60 plasmid construct
induces strong humoral and cell-mediated immune responses
in vivo. Virology 314:134-46; Schneider, R., M. et al. 1997.
Inactivation of the human immunodeficiency virus type 1
inhibitory elements allows Rev-independent expression of
Gag and Gag/protease and particle formation. J. Virol.
71:4892-4903) and the addition of immunoglobin leader
sequences that have weak RNA secondary structure (Yang, J.
S., et al,, 2001. Induction of potent Thl-Type immune
responses from anovel DNA vaccine for West Nile Virus New
York Isolate (WNV-NY1999). J. Infect Diseases 184:809-
816).

Human Papillomavirus (HPV) has a circular dsDNA
genome (7,000-8,000 base pairs). There are up to 200 difter-
ent genotypes. Phylogenetically, HPV is highly conserved.
Mucosal HPV are Classified as “High Risk™ or “Low Risk”.
The Low Risk group includes types 6, 11, 42, and others.
Associated Diseases include: Genital Warts; Low grade cer-
vical, anal, vulvar, vaginal dysplasia; and Recurrent Respira-
tory Papillomatosis. The High Risk group includes types 16,
18, 31, 33, 45, 52, 58, and others. Associated Diseases
include: Essential cause of Cervical cancer, pre-cancerous
dysplasia; major cause of Anal, vulvar, vaginal, tonsillar can-
cer; and co-factor for other aerodigestive cancer. Every Day,
800 women die of cervical cancer.

HPV E6 and E7 proteins are tumor-specific antigens,
required for tumorigenesis and maintenance of the tumor
state. E7-specific immune responses are deleted in cervical
cancer patients. Both E6 and E7 proteins interact specifically
with the products of cellular human tumor suppressor genes,
E6 with p53 and E7 with Rb (retinoblastoma tumor suppres-
sor gene). E6 and E7 are ideal immunotherapeutic targets.

hTERT is a human telomerase reverse transcriptase that
synthesizes a TTAGGG tag on the end of telomeres to prevent
cell death due to chromosomal shortening. Embryonic cells
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and some germ line cells normally express hTERT to regulate
homeostasis of cell populations. Cancer cells, however,
exploit this mechanism of regulation to disrupt homeostasis
of cell populations. For instance, hTERT over-expression
occurs in more than 85% of human cancer cells. Therefore,
hTERT is an ideal immunotherapeutic target.

hTERT may also enhance immunotherapeutics against
hyperproliferating cells expressing hTERT due to HCV or
HPV infection. The E6 oncoprotein from high-risk HPV
types activates human telomerase reverse transcriptase
(hTERT) transcription in human keratinocytes. Dysplastic
legions and early neoplastic legions within the liver also
express hTERT at abnormally high levels. Thus, immuno-
therapy against HPV and HCV may be enhanced by targeting
cells that express hTERT at abnormal levels. Combination
immunotherapy using both hTERT and HPV or HCV pro-
teins or nucleic acids encoding such proteins is an attractive
immunotherapy.

Influenza Hemagglutinin (HA) is expressed on the surface
of Influenza viral particles and is responsible for initial con-
tact between the virus and its host cell. HA is a well-known
immunogen. Influenza A strain HINS, an avian influenza
strain, particularly threatens the human population because of
its HA protein which, if slightly genetically reasserted by
natural mutation, has greatly increased infectivity of human
cells as compared to other strains of the virus. Infection of
infants and older or immunocompromised adults humans
with the viral HINS strain is often correlated to poor clinical
outcome. Therefore, HA and other influenza molecules of the
HINS strain of Influenza arc ideal immunotherapeutic tar-
gets.

SUMMARY OF THE INVENTION

The present invention relates to nucleic acid constructs and
proteins encoded thereby which provide improved immuno-
genic targets against which an anti-HIV immune response can
be generated.

The present invention provides consensus sequences for
HIV Subtype A Envelope protein, consensus sequences for
HIV Subtype B Envelope protein, consensus sequences for
HIV Subtype C Envelope protein, consensus sequences for
HIV Subtype D Envelope protein, consensus sequences for
HIV Subtype B consensus Nef-Rev protein, and consensus
sequences form HIV Gag protein subtypes A, B, C and D.

The present invention provides constructs which encode
such proteins sequences, vaccines which comprise such pro-
teins and/or nucleic acid molecules that encode such proteins,
and methods of inducing anti-HIV immune responses.

The present invention relates to nucleic acid molecules
comprising a nucleotide sequence selected from the group
consisting of SEQ ID NO:1; fragments of SEQ ID NO:1;
sequences having at least 90% homology to SEQ ID NO:1;
fragments of sequences having at least 90% homology to
SEQ ID NO:1; SEQ ID NO:3; fragments of SEQ ID NO:3;
sequences having at least 90% homology to SEQ ID NO:3;
fragments of sequences having at least 90% homology to
SEQ ID NO:3; SEQ ID NO:5; fragments of SEQ ID NO:5;
sequences having at least 90% homology to SEQ ID NO:5;
fragments of sequences having at least 90% homology to
SEQ ID NO:5; SEQ ID NO:7; fragments of SEQ ID NO:7;
sequences having at least 90% homology to SEQ ID NO:7;
fragments of sequences having at least 90% homology to
SEQ ID NO:7; SEQ ID NO:9; fragments of SEQ ID NO:9;
sequences having at least 90% homology to SEQ ID NO:9;
fragments of sequences having at least 90% homology to
SEQ ID NO:9; SEQ ID NO:11; fragments of SEQ ID NO:11;
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sequences having at least 90% homology to SEQ ID NO:11;
fragments of sequences having at least 90% homology to
SEQID NO: 11.

The present invention relates to nucleic acid molecule that
encode a protein selected from the group consisting of SEQ
IDNO:16; SEQ ID NO:17; SEQ ID NO:18; SEQID NO:19;
SEQ ID NO:20 and SEQ ID NO:21.

The present invention relates to nucleic acid molecules
comprising a nucleotide sequence selected from the group
consisting of: nucleotide sequences that encode SEQ ID
NO:2; nucleotide sequences that encode an amino acid
sequences having at least 90% homology to SEQ ID NO:2;
fragments of nucleotide sequences that encode SEQ ID
NO:2; fragments of a nucleotide sequence that encode an
amino acid sequence having at least 90% homology to SEQ
ID NO:2; nucleotide sequences that encode SEQ ID NO:4;
nucleotide sequences that encodes an amino acid sequences
having at least 90% homology to SEQ ID NO:4; fragments of
nucleotide sequences that encodes SEQ ID NO:4; fragments
of'nucleotide sequences that encodes an amino acid sequence
having at least 90% homology to SEQ ID NO:4; nucleotide
sequences that encode SEQ ID NO:6; nucleotide sequences
that encode an ammo acid sequences having at least 90%
homology to SEQ ID NO:6; fragments of nucleotide
sequences that encode SEQ ID NO:6; fragments of a nucle-
otide sequence that encode an amino acid sequence having at
least 90% homology to SEQ ID NO:6; nucleotide sequences
that encode SEQ ID NO:8; nucleotide sequences that encodes
an amino acid sequences having at least 90% homology to
SEQ ID NO:8; fragments of nucleotide sequences that
encodes SEQ ID NO:8; fragments of nucleotide sequences
that encodes an amino acid sequence having at least 90%
homology to SEQ ID NO:8; nucleotide sequences that
encode SEQ ID NO:10; nucleotide sequences that encode an
amino acid sequences having at least 90% homology to SEQ
ID NO:10; fragments of nucleotide sequences that encode
SEQ ID NO:10; fragments of a nucleotide sequence that
encode an amino acid sequence having at least 90% homol-
ogy to SEQ ID NO:10; nucleotide sequences that encode
SEQ ID NO:12; nucleotide sequences that encodes an amino
acid sequences having at least 90% homology to SEQ ID
NO:12; fragments of nucleotide sequences that encodes SEQ
ID NO:12; fragments of nucleotide sequences that encodes an
amino acid sequence having at least 90% homology to SEQ
ID NO:12.

The present invention further provides pharmaceutical
compositions comprising such nucleic acid molecules and
their use in methods of inducing an immune response in an
individual against HIV that comprise administering to an
individual a composition comprising such nucleic acid mol-
ecules.

The present invention further provides recombinant vac-
cine comprising such nucleic acid molecules and their use in
methods of inducing an immune response in an individual
against HIV that comprise administering to an individual
such a recombinant vaccine.

The present invention further provides live attenuated
pathogens comprising such nucleic acid molecules and their
use in methods of inducing an immune response in an indi-
vidual against HIV that comprise administering to an indi-
vidual such live attenuated pathogens. live attenuated patho-
gen

The present invention further provides proteins comprising
amino acid sequences selected from the group consisting of:
SEQ ID NO:2, sequences having at least 90% homology to
SEQ ID NO:2; fragments of SEQ ID NO:2; fragments of
sequences having at least 90% homology to SEQ ID NO:2;
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SEQ ID NO:4, sequences having at least 90% homology to
SEQ ID NO:4; fragments of SEQ ID NO:; fragments of
sequences having at least 90% homology to SEQ ID NO:4;
SEQ ID NO:6, sequences having at least 90% homology to
SEQ ID NO:6; fragments of SEQ ID NO:6; fragments of
sequences having at least 90% homology to SEQ ID NO:6;
SEQ ID NO:8, sequences having at least 90% homology to
SEQ ID NO:8; fragments of SEQ ID NO:8; fragments of
sequences having at least 90% homology to SEQ ID NO:8;
SEQ ID NO:10, sequences having at least 90% homology to
SEQ ID NO:10; fragments of SEQ TD NO:10; fragments of
sequences having at least 90% homology to SEQ ID NO:10;
SEQ ID NO:12, sequences having at least 90% homology to
SEQ ID NO:12; fragments of SEQ ID NO:12; and fragments
of sequences having at least 90% homology to SEQ ID
NO:12.

The present invention further provides proteins comprising
amino acid sequences selected from the group consisting of
SEQ ID NO:16; SEQ 1D NO:17; SEQ ID NO:18; SEQ 1D
NO:19; SEQ ID NO:20 and SEQ ID NO:21.

The present invention further provides pharmaceutical
compositions comprising such proteins and their use in meth-
ods of inducing an immune response in an individual against
HIV that comprise administering to an individual a compo-
sition comprising such proteins.

The present invention further provides recombinant vac-
cine comprising such proteins and their use in methods of
inducing an immune response in an individual against HIV
that comprise administering to an individual such a recombi-
nant vaccine.

The present invention further provides live attenuated
pathogens comprising such proteins and their use in methods
of'inducing an immune response in an individual against HIV
that comprise administering to an individual such live attenu-
ated pathogens.

Proteins comprising consensus HPV genotype 16 E6-E7
amino acid sequences and nucleic acid molecules that com-
prising a nucleotide sequence encoding such proteins are
provided.

The present invention relates to nucleic acid molecules that
comprising a nucleotide sequence selected from the group
consisting of SEQ ID NO:22; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:22;
and fragments thereof.

The present invention also relates to nucleic acid molecules
that comprising a nucleotide sequence selected from the
group consisting of: a nucleic acid sequence that encodes
SEQ ID NO:23; a nucleic acid sequence that encodes SEQ ID
NO:24; a nucleic acid sequence that encodes SEQ ID NO:25;
a nucleic acid sequence that encodes SEQ ID NO:26; and a
nucleic acid sequence that encodes SEQ ID NO:27.

The present invention also relates to pharmaceutical com-
position such nucleic acid molecules and to methods of
inducing an immune response in an individual against HPV
comprising administering to said individual a composition
comprising such nucleic acid molecules.

The present invention further relates to recombinant vac-
cines comprising such nucleic acid molecules and methods of
inducing an immune response in an individual against HPV
comprising administering to said individual such a recombi-
nant vaccine.

The present invention further relates to live attenuated
pathogen comprising such nucleic acid molecules and meth-
ods of inducing an immune response in an individual against
HPV comprising administering to said individual such live
attenuated pathogens.
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The present invention also relates to nucleic acid molecules
that comprising a nucleotide sequence selected from the
group consisting of proteins comprising an amino acid
sequence selected from the group consisting of: SEQ ID
NO:23, fragments thereof; nucleotide sequences having at
least 90% homology to SEQ ID NO:23; and fragments
thereof.

The present invention also relates to proteins comprising
an amino acid sequence selected from the group consisting of
SEQ ID NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ 1D
NO:26; and SEQ ID NO:27.

The present invention also relates to pharmaceutical com-
positions comprising such proteins and to methods of induc-
ing an immune response in an individual against HPV com-
prising administering to said individual a composition
comprising such proteins.

The present invention also relates to recombinant vaccines
comprising such proteins and to method of inducing an
immune response in an individual against HPV comprising
administering to said individual such recombinant vaccines.

The present invention also relates to live attenuated patho-
gens comprising such protein and to methods of inducing an
immune response in an individual against HPV comprising
administering to said individual such live attenuated patho-
gens.

Proteins comprising consensus HCV genotype la and 1b
E1-E2 amino acid sequences and nucleic acid molecules that
comprising a nucleotide sequence encoding such proteins are
provided.

The present invention relates to nucleic acid molecules that
comprising a nucleotide sequence selected from the group
consisting of: SEQ ID NO:30; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:30;
and fragments thereof.

The present invention also relates to nucleic acid molecules
that comprising a nucleotide sequence selected from the
group consisting of a nucleic acid sequence that encodes SEQ
ID NO:31.

The present invention also relates to pharmaceutical com-
position such nucleic acid molecules and to methods of
inducing an immune response in an individual against HCV
comprising administering to said individual a composition
comprising such nucleic acid molecules.

The present invention further relates to recombinant vac-
cines comprising such nucleic acid molecules and methods of
inducing an immune response in an individual against HCV
comprising administering to said individual such a recombi-
nant vaccine.

The present invention further relates to live attenuated
pathogen comprising such nucleic acid molecules and meth-
ods of inducing an immune response in an individual against
HCV comprising administering to said individual such live
attenuated pathogens.

The present invention also relates to nucleic acid molecules
that comprising a nucleotide sequence selected from the
group consisting of: proteins comprising an amino acid
sequence selected from the group consisting of SEQ ID
NO:31; fragments thereof; nucleotide sequences having at
least 90% homology to SEQ ID NO:31; and fragments
thereof.

The present invention also relates to pharmaceutical com-
positions comprising such proteins and to methods of induc-
ing an immune response in an individual against HCV com-
prising administering to said individual a composition
comprising such proteins.

The present invention also relates to recombinant vaccines
comprising such proteins and to method of inducing an
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immune response in an individual against HCV comprising
administering to said individual such recombinant vaccines.

The present invention also relates to live attenuated patho-
gens comprising such protein and to methods of inducing an
immune response in an individual against HCV comprising
administering to said individual such live attenuated patho-
gens.

Proteins comprising consensus hTERT amino acid
sequences and nucleic acid molecules that comprising a
nucleotide sequence encoding such proteins are provided.

The present invention further relates to nucleic acid mol-
ecules comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO: 34; fragments thereof;
nucleotide sequences having at least 90% homology to SEQ
ID NO: 34; and fragments thereof.

The present invention also relates to pharmaceutical com-
position such nucleic acid molecules and to methods of
inducing an immune response in an individual against hyper-
proliferative cells expressing hTERT comprising administer-
ing to said individual a composition comprising such nucleic
acid molecules.

The present invention further relates to recombinant vac-
cines comprising such nucleic acid molecules and methods of
inducing an immune response in an individual against hyper-
proliferative cells expressing hTERT comprising administer-
ing to said individual such a recombinant vaccine.

The present invention further relates to live attenuated
pathogen comprising such nucleic acid molecules and meth-
ods of inducing an immune response in an individual against
hyperproliferative cells expressing hTERT comprising
administering to said individual such live attenuated patho-
gens.

The present invention also relates to nucleic acid molecules
that comprising a nucleotide sequence selected from the
group consisting of proteins comprising an amino acid
sequence selected from the group consisting of: SEQ ID
NO:35; fragments thereof; nucleotide sequences having at
least 90% homology to SEQ ID NO:35; and fragments
thereof.

The present invention also relates to pharmaceutical com-
positions comprising such proteins and to methods of induc-
ing an immune response in an individual against hyperprolif-
erative cells expressing hTERT comprising administering to
said individual a composition comprising such proteins.

The present invention also relates to recombinant vaccines
comprising such proteins and to method of inducing an
immune response in an individual against hyperproliferative
cells expressing hTERT comprising administering to said
individual such recombinant vaccines.

The present invention also relates to live attenuated patho-
gens comprising such protein and to methods of inducing an
immune response in an individual against hyperproliferative
cells expressing hTERT comprising administering to said
individual such live attenuated pathogens.

Proteins comprising Influenza HSN1 consensus HA amino
acid sequences, Influenza HIN1 and H5N1 consensus NA
amino acid sequences, Influenza HIN1 and H5N1 consensus
M1 amino acid sequences, and influenza H5N1 consensus
M2E-NP amino acid sequences and nucleic acid molecules
that comprising a nucleotide sequence encoding such pro-
teins are provided.

The present invention further relates to nucleic acid mol-
ecules comprising a nucleotide sequence selected from the
group consisting of SEQ ID NO:36; fragments thereof; nucle-
otide sequences having at least 90% homology to SEQ ID
NO:36; and fragments thereof.
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The present invention further relates to nucleic acid mol-
ecules comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:38; fragments thereof;
nucleotide sequences having at least 90% homology to SEQ
1D NO:38; and fragments thereof.

The present invention further relates to nucleic acid mol-
ecules comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:40; fragments thereof;
nucleotide sequences having at least 90% homology to SEQ
1D NO:40; and fragments thereof.

The present invention further relates to nucleic acid mol-
ecules comprising a nucleotide sequence selected from the
group consisting of: SEQ ID NO:42; fragments thereof;
nucleotide sequences having at least 90% homology to SEQ
1D NO:42; and fragments thereof.

The present invention also relates to pharmaceutical com-
positions comprising such nucleic acid molecules and to
methods of inducing an immune response in an individual
against HPV, HCV, and Influenza virus comprising adminis-
tering to said individual a composition comprising such
nucleic acid molecules.

The present invention further relates to recombinant vac-
cines comprising such nucleic acid molecules and methods of
inducing an immune response in an individual against HPV,
HCV, and Influenza virus comprising administering to said
individual such a recombinant vaccine.

The present invention further relates to live attenuated
pathogens comprising such nucleic acid molecules and meth-
ods of inducing an immune response in an individual against
HPV, HCV, and Influenza virus comprising administering to
said individual such live attenuated pathogens.

The present invention also relates to pharmaceutical com-
positions comprising such nucleic acid molecules and to
methods of inducing an immune response in an individual
against HPV, HCV, and Influenza virus comprising adminis-
tering to said individual a composition comprising such
nucleic acid molecules.

The present invention further relates to recombinant vac-
cines comprising such nucleic acid molecules and methods of
inducing an immune response in an individual against HPV,
HCV, and Influenza virus comprising administering to said
individual such a recombinant vaccine.

The present invention further relates to live attenuated
pathogens comprising such nucleic acid molecules and meth-
ods of inducing an immune response in an individual against
HPV, HCV, and Influenza virus comprising administering to
said individual such live attenuated pathogens.

The present invention further relates to protein molecules
comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:37; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:37;
and fragments thereof.

The present invention further relates to protein molecules
comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:39; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:39;
and fragments thereof.

The present invention further relates to protein molecules
comprising an amino acid sequence selected from the group
consisting of: SEQ ID NO:41; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:41;
and fragments thereof.

The present invention further relates to protein molecules
comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:43; fragments thereof; nucleotide
sequences having at least 90% homology to SEQ ID NO:43;
and fragments thereof.
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The present invention also relates to pharmaceutical com-
positions comprising such protein molecules and to methods
of inducing an immune response in an individual against
Influenza virus comprising administering to said individual a
composition comprising such protein molecules.

The present invention further relates to recombinant vac-
cines comprising such protein molecules and methods of
inducing an immune response in an individual against Influ-
enza virus comprising administering to said individual such a
recombinant vaccine.

The present invention further relates to live attenuated
pathogens comprising such protein molecules and methods of
inducing an immune response in an individual against Influ-
enza virus comprising administering to said individual such
live attenuated pathogens.

The present invention also relates to pharmaceutical com-
positions comprising such protein molecules and to methods
of inducing an immune response in an individual against
Influenza virus comprising administering to said individual a
composition comprising such protein molecules.

The present invention further relates to recombinant vac-
cines comprising such protein molecules and methods of
inducing an immune response in an individual against Influ-
enza virus comprising administering to said individual such a
recombinant vaccine.

The present invention further relates to live attenuated
pathogens comprising such protein molecules and methods of
inducing an immune response in an individual against Influ-
enza virus comprising administering to said individual such
live attenuated pathogens.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a comparison of the amino acid sequences of
EY2E1-B and EK2P-B. The IgE leader sequence is under-
lined. The boxed regions show variable regions. The *
denotes six important residues involved in CCRS utilization.
The cleavage site is indicated by an arrow. The transmem-
brane domain is shown by the dotted line.

FIG. 2 shows phylogenetic relationships of two HIV-1
subtype B envelope sequences. Forty-two HIV-1 subtype B
envelope sequences, EY2E1-B, EK2P-B, two subtype D and
two subtype C sequences (outgroup) were included in the
phylogenetic analysis. The subtype B envelope sequences
representing a broad sample of diversity were from the fol-
lowing 11 countries: Argentina (1); Australia (6); China (1);
France (4); Germany (1); Great Britain (2); Italy (1); Japan
(1); The Netherlands (4); Spain (1); United States (20). The
EY2E1-B and EK2P-B sequences are shown in black boxes.

FIG. 3 shows expression of envelope immunogens. FIG.
3 A shows results from Western blotting analysis of EY2E1-B
and EK2P-B genes. RD cells were transfected with different
plasmids. 48 hours later, cell lysates were collected. Samples
were analyzed by Western blotting and probed with HIV-1
gp120 monoclonal (2G 12). As for loading control, the blot
was stripped and reprobed with a monoclonal anti-actin anti-
body. FIG.3B shows results from immunofluorescence assay
of EY2E1-B and EK2P-B genes. The transfected RD cells
expressing envelope proteins showed typical red fluores-
cence. HIV-1 envelope-specific monoclonal antibody F105
served as the source of primary antibody.

FIG. 4. shows total IgG antibody titers in the sera of the
immunized mice. F1G. 4A shows the measurement of subtype
B envelope-specific antibody responses. FIG. 4B shows the
measurement of subtype A/E envelope-specific antibody
responses. FIG. 4C shows the measurement of subtype C
envelope-specific antibody responses. Humoral immune

10

15

20

25

30

35

40

45

50

10

responses after immunization with DNA constructs
pEY2E1-B and pEK2P-B were detected by enzyme-linked
immunosorbent assay (ELISA). Each mouse was immunized
intramuscularly with three times, each of 100 ng of DNA at
bi-weekly intervals. Mice from each group (n=3) were bled
one week after the third immunization and equally pooled
sera were diluted in blocking buffer and analyzed as
described in Materials and Methods. Pooled sera collected
from mice immunized with pVAX were used as a control.
Absorbance (OD) was measured at 450 nm. Each data point
represents averaged three OD values from three mice sera per
group and values represent the mean of ELISA obtained in
three separate assays.

FIG. 5 shows induction of cell-mediated immune
responses by pEY2E1-B in both BalB/C mice and HLA-A2
transgenic mice. Frequencies of subtype B consensus enve-
lope-specific IFN-y spot forming cells (SEC) per million sple-
nocytes after DNA vaccination with pEY2E1-B and
pEK2P-B were determined by ELISpot assay in both BalB/C
mice FIG. 5A) and transgenic mice (FIG. 5C). Frequencies of
CDS8 depleted, subtype B consensus envelope-specific IFN-y
spot forming cells per million splenocytes after DNA vacci-
nation with pEY2E1-B and pEK2P-B were also determined
in both BalB/C mice (FIG. 5B) and transgenic mice (FIG.
5D). The slenocytes were isolated from individual immu-
nized mice (three mice per group) and stimulated in vitro with
overlapping consensus subtype B envelope peptides pools.
Backbone pVAX immunized mice were included as a nega-
tive control. The values are the means+standard deviations of
the means of IFN-y SFCs. (FIG. 5E) Characterization of
subtype B consensus envelope-specific dominant epitopes.
The splenocytes collected from pEY2E1-B and pEK2P-B
vaccinated BalB/C mice, respectively, were cultured with 29
HIV-1 subtype B consensus envelope peptide pools for 24
hours. IFN-y secreting cells were determined by ELISpot
assay as described above.

FIG. 6 shows cross reactivity induced by pEY2E1-B in
both BalB/C mice and HLLA-A2 transgenic mice. The additive
T-cell immune responses in BalB/C mice induced by vacci-
nation with pEY2E1-B and pEK2P-B against four individual
peptide pools of HIV-1 MN envelope peptides (FIG. 6A),
HIV-1 group M (FIG. 6B), subtype C consensus envelope
peptides (FIG. 6C) and two subtype C isolate envelope pep-
tides (FIG. 6D and FIG. 6E) were measured by IFN-y
ELISpot assay. The additive T-cell immune responses in
HLA-A2 transgenic mice induced by vaccination with
pEY2E1-B and pEK2P-B against four individual peptide
pools of HIV-1 MN envelope peptides (FIG. 6F), HIV-1
group M (FIG. 6G), subtype C consensus envelope peptides
(FIG. 6H) and two subtype C isolate envelope peptides (FIG.
61 and FIG. 6J) were also measured. Backbone pVAX immu-
nized mice were included as a negative control.

FIG. 7 show characterization of subtype B MN envelope-
specific dominant epitopes in both BalB/C mice (FIG. 7A)
and HLLA-A2 transgenic mice (FIG. 7B) immunized with
pEY2E1-B and pEK2P-B. The splenocytes collected from
pEY2E1-B and pEK2P-B vaccinated BalB/C mice and trans-
genic mice, respectively, were cultured with 29 HIV-1 sub-
type B MN envelope peptide pools for 24 hours. IFN-y secret-
ing cells were determined by ELISpot assay as described
above.

FIG. 8 shows a schematic representation of functional
domains of E72E1-B (about 700+ amino acids).

FIG. 9 shows a map of E72E1-B construct.

FIG. 10 (FIG. 10A and FIG. 10B), show that a strong
cellular immune response is induced E72E1-B.
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FIG. 11 (FIG.11A and FIG. 11B), show that strong and
broad cross-reactive cellular immune responses are induced
E72E1-B.

FIG. 12 (FIG.12A through FIG. 12D) show that strong
cross-clade-cellular immune responses are induced E72E1-
B.

FIG. 13 depicts the immunogen designed for study in
Example 2.

FIG. 14 shows phylogenetic relationships: Thirty-Six
HIV-1 subtype C envelope sequences, EY3E1-C, EK3P-C,
two subtype B, one subtype A and one subtype D sequences
(outgroup) were included in the phylogenetic analysis. The
subtype C envelope sequences representing a broad sample of
diversity were from 12 countries.

FIG. 15 (FIG. 15A and FIG. 15B) show data from studies
of cellular response elicited by pEY3E1-C.

FIG. 16 shows data from studies of cellular responses
elicited by pEY3E1-C.

FIG. 17 (FIG. 17A through FIG. 17D) show data from
studies of cross-reactive cellular responses elicited by
pEY3E1-C within the same clade.

FIG. 18 (FIG. 18A and FIG. 18B) show data from studies
of cross-reactive cellular responses elicited by pEY3E1-C.
FIG.18 A shows data from subtype C (Uruguay) env-Specific
IFN-y ELISpot. FIG. 18B shows data from Subtype C(S.
Africa) env-Specific IFN-y ELISpot.

FIG. 19 (FIG. 19 A through FIG.19F) show data from stud-
ies of cross-reactive cellular responses elicited by pEY3E1-C
between clades.

FIG. 20 (FIG. 20A through FIG 20X) show data from
studies of immune responses elicited by HIV-1 gag consensus
constructs.

FIG. 21 illustrates the HPV life cycle in the genital tract
epithelium.

FIG. 22 shows a map of HPV-16 genome organization.

FIG. 23 illustrates immunogen design: * refers to deletions
or mutations important for p53 binding and degradation; A
refers to mutations in Rb binding site.

FIG. 24 includes an illustration of the genetic construct
p1667 which includes coding sequences for HPV E6 and E7
proteins, and pVAX, the backbone plasmid which lacks the
HPV insert and is used a negative control.

FIG. 25 (FIG. 25A through FIG. 25D) show cellular
immune responses induced by the DNA immunogen p1667.

FIG. 26 shows results of immunodominant epitope map-
ping.

FIG. 27 shows results from the prophylactic experiments
using E6/E7 DNA Vaccine to study protection in C57/BL6
Mice.

FIG. 28 shows results from the tumor regression experi-
ments using E6/E7 DNA Vaccine to study protection in C57/
BL6 Mice.

FIG. 29 shows the data from experiments detecting E7
Tetramer positive lymphocytes in spleens.

FIG. 30 shows the data from experiments detecting E7
Tetramer positive lymphocytes in tumors.

FIG. 31 shows data from a DNA Vaccine protection study
in transgenic mice.

FIG. 32 shows enhanced cellular immune responses to
HIV-1 consensus immunogens with IM co-injection of plas-
mid encoded I[.-12 followed by electroporation (EP). IFNy
ELISpots were performed two weeks after the (a) first immu-
nization, (b) second immunization, and (c¢) third immuniza-
tion (as seen in comparison to the other three). Responses to
env are depicted as black bars and gag are depicted as white
bars with the data shown as stacked group mean
responses+SEM.
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FIG. 33 shows enhanced cross-reactive cellular immune
responses with intramuscular electroporation. After three
immunizations, the total T-cell immune response in
pEY2E1-B immunized macaques against four peptide pools
of the HIV-1 group M peptides were determined by IFNy
ELISpot. The data are shown as stacked group means+SEM.

FIG. 34 shows Enhanced memory responses to HIV-1
immunogens with IM electroporation and plasmid IL-12.
Five months after the last immunization, ELISpot assays
were performed to determine antigen-specific memory
responses to gag and env in the IM and EP immunized groups
with and without co-immunization with the I1.-12 plasmid.
The data are shown as group mean responses+SEM.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Definitions

As used herein, the phrase “stringent hybridization condi-
tions” or “stringent conditions™ refers to conditions under
which a nucleic acid molecule will hybridize another a
nucleic acid molecule, but to no other sequences. Stringent
conditions are sequence-dependent and will be different in
different circumstances. Longer sequences hybridize specifi-
cally at higher temperatures. Generally, stringent conditions
are selected to be about 5° C. lower than the thermal melting
point (Tin) for the specific sequence at a defined ionic
strength and pH. The Tm is the temperature (under defined
ionic strength, pH and nucleic acid concentration) at which
50% of the probes complementary to the target sequence
hybridize to the target sequence at equilibrium. Since the
target sequences are generally present in excess, at Tm, 50%
of'the probes are occupied at equilibrium. Typically, stringent
conditions will be those in which the salt concentration is less
than about 1.0 M sodium ion, typically about 0.01 to 1.0 M
sodium ion (or other salts) at pH 7.0 to 8.3 and the tempera-
ture is at least about 30° C. for short probes, primers or
oligonucleotides (e.g. 10 to 50 nucleotides) and at least about
60° C. for longer probes, primers or oligonucleotides. Strin-
gent conditions may also be achieved with the addition of
destabilizing agents, such as formamide.

Sequence homology for nucleotides and amino acids may
be determined using FASTA, BLAST and Gapped BLAST
(Altschul et al., Nuc. Acids Res., 1997, 25, 3389, which is
incorporated herein by reference in its entirety) and
PAUP*4.0b10 software (D. L. Swofford, Sinauer Associates,
Massachusetts). “Percentage of similarity” is calculated
using PAUP*4.0b10 software (D. L, Swofford, Sinauer Asso-
ciates, Massachusetts). The average similarity of the consen-
sus sequence is calculated compared to all sequences in the
phylogenic tree (see FIGS. 2 and 14).

Briefly, the BLAST algorithm, which stands for Basic
Local Alignment Search Tool is suitable for determining
sequence similarity (Altschul et al., J. Mol. Biol., 1990, 215,
403-410, which is incorporated herein by reference in its
entirety). Software for performing BLAST analyses is pub-
licly available through the National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov/). This algorithm
involves first identifying high scoring sequence pair (HSPs)
by identitying short words of length W in the query sequence
that either match or satisty some positive-valued threshold
score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighborhood word
score threshold (Altschul et al., supra). These initial neigh-
borhood word hits act as seeds for initiating searches to find
HSPs containing them. The word hits are extended in both
directions along each sequence for as far as the cumulative
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alignment score can be increased. Extension for the word hits
in each direction are halted when: 1) the cumulative align-
ment score falls off by the quantity X from its maximum
achieved value; 2) the cumulative score goes to zero or below,
due to the accumulation of one or more negative-scoring
residue alignments; or 3) the end of either sequence is
reached. The Blast algorithm parameters W, T and X deter-
mine the sensitivity and speed of the alignment. The Blast
program uses as defaults a word length (W) of 11, the BLO-
SUMS62 scoring matrix (see Henikoff et al., Proc. Natl. Acad.
Sci. USA, 1992, 89, 10915-10919, which is incorporated
herein by reference in its entirety) alignments (B) of 50,
expectation (E) of 10, M=5, N=4, and a comparison of both
strands. The BLAST algorithm (Karlin et al., Proc. Natl.
Acad. Sci. USA, 1993, 90, 5873-5787, which is incorporated
herein by reference in its entirety) and Gapped BLAST per-
form a statistical analysis of the similarity between two
sequences. One measure of similarity provided by the
BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a
match between two nucleotide sequences would occur by
chance. For example, a nucleic acid is considered similar to
another if the smallest sum probability in comparison of the
test nucleic acid to the other nucleic acid is less than about I,
preferably less than about 0.1, more preferably less than
about 0.01, and most preferably less than about 0.001.

As used herein, the term “genetic construct” refers to the
DNA or RNA molecules that comprise a nucleotide sequence
which encodes protein. The coding sequence includes initia-
tion and termination signals operably linked to regulatory
elements including a promoter and polyadenylation signal
capable of directing expression in the cells of the individual to
whom the nucleic acid molecule is administered.

As used herein, the term “expressible form” refers to gene
constructs that contain the necessary regulatory elements
operable linked to a coding sequence that encodes a protein
such that when present in the cell of the individual, the coding
sequence will be expressed.

Overview

The present invention provides improved vaccines by uti-
lizing a multi-phase strategy to enhance cellular immune
responses induced by immunogens. Modified consensus
sequences for immunogens were generated. Genetic modifi-
cations including codon optimization, RNA optimization,
and the addition of a high efficient immunoglobin leader
sequence to increase the immunogenicity of constructs are
also disclosed. The novel immunogens have been designed to
elicit stronger and broader cellular immune responses than a
corresponding codon optimized immunogens.

The invention provides improved HIV, HPV, HCV, Influ-
enza and cancer vaccines by providing proteins and genetic
constructs that encode proteins with epitopes that make them
particularly effective as immunogens against which anti-HIV,
anti-HPV, anti-HCV, anti-influenze and anti-hTert immune
responses, respectively, can be induced. Accordingly, vac-
cines can be provided to induce a therapeutic or prophylactic
immune response. In some embodiments, the means to
deliver the immunogen is a DNA vaccine, a recombinant
vaccine, a protein subunit vaccine, a composition comprising
the immunogen, an attenuated vaccine or a killed vaccine. In
some embodiments, the vaccine comprises a combination
selected from the groups consisting of: one or more DNA
vaccines, one or more recombinant vaccines, one or more
protein subunit vaccines, one or more compositions compris-
ing the immunogen, one or more attenuated vaccines and one
or more killed vaccines.
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According to some embodiments of the invention, a vac-
cine according to the invention is delivered to an individual to
modulate the activity of the individual’s immune system and
thereby enhance the immune response against HIV, HPV,
HCYV, Influenza or hTERT. When a nucleic acid molecules
that encodes the protein is taken up by cells of the individual
the nucleotide sequence is expressed in the cells and the
protein are thereby delivered to the individual. Aspects of the
invention provide methods of delivering the coding
sequences of the protein on nucleic acid molecule such as
plasmid, as part of recombinant vaccines and as part of attenu-
ated vaccines, as isolated proteins or proteins part of a vector.

According to some aspects of the present invention, com-
positions and methods are provided which prophylactically
and/or therapeutically immunize an individual against HIV,
HIV, HPV, HCV, Influenza and cancer.

The present invention relates to compositions for deliver-
ing nucleic acid molecules that comprise a nucleotide
sequence that encodes a protein of the invention operably
linked to regulatory elements. Aspects of the present inven-
tion relate to compositions a recombinant vaccine comprising
a nucleotide sequence that encodes that encodes a protein of
the invention; a live attenuated pathogen that encodes a pro-
tein of the invention and/or includes a protein of the invention;
a killed pathogen includes a protein of the invention; or a
composition such as a liposome or subunit vaccine that com-
prises a protein of the invention. The present invention further
relates to injectable pharmaceutical compositions that com-
prise compositions.

HIV

The present invention provides improved anti-HIV vac-
cines by utilizing a multi-phase strategy to enhance cellular
immune responses induced by HIV immunogens. Modified
consensus sequences for immunogens were generated
Genetic modifications including codon optimization, RNA
optimization, and the addition of a high efficient immunoglo-
bin leader sequence to increase the immunogenicity of con-
structs are also disclosed. The novel immunogens have been
designed to elicit stronger and broader cellular immune
responses than a corresponding codon optimized immuno-
gens.

SEQ ID NO:1 is a subtype A consensus envelope DNA
sequence construct. SEQ ID NO:1 comprises coding
sequence for HIV vaccine sequence that comprises an IgE
leader sequence linked to a consensus sequence for Subtype A
envelope protein. SEQ ID NO:2 comprises the amino acid
sequence for HIV vaccine sequence construct that comprises
an IgE leader sequence linked to a consensus sequence for
Subtype A envelope protein. The IgE leader sequence is SEQ
ID NO:15. SEQ ID NO:16 is the Subtype A consensus Enve-
lope protein sequence.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:16, fragment thereof, a nucleic acid
molecule that encodes SEQ ID NO:16, or fragments thereof.
In some embodiments, vaccines of the invention preferably
include SEQ ID NO:2 or a nucleic acid molecule that encodes
it. In some embodiments, vaccines ofthe invention preferably
include SEQ ID NO: 11. Vaccines of the present invention
preferably include the IgE leader sequence SEQ ID NO:15 or
nucleic acid sequence which encodes the same.

Fragments of SEQ ID NO:1 may comprise 90 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:1 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodi-
ments 360 or more nucleotides; in some embodiments, 450 or
more nucleotides; in some embodiments 540 or more nucle-
otides; in some embodiments, 630 or more nucleotides; in
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some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodi-
ments, 900 or more nucleotides; in some embodiments, 990
or more nucleotides; in some embodiments, 1080 or more
nucleotides; in some embodiments, 1170 or more nucle-
otides; in some embodiments, 1260 or more nucleotides; in
some embodiments, 1350 or more nucleotides in some
embodiments, 1440 or more nucleotides; in some embodi-
ments, 1530 or more nucleotides; in some embodiments,
1620 or more nucleotides; in some embodiments, 1710 or
more nucleotides; in some embodiments, 1800 or more nucle-
otides; in some embodiments, 1890 or more nucleotides; in
some embodiments, 1980 or more nucleotides; and in some
embodiments, 2070 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:1 may comprise coding
sequences for the IgE leader sequences. In some embodi-
ments, fragments of SEQ ID NO:1 do not comprise coding
sequences for the IgE leader sequences. Fragments may com-
prise fewer than 180 nucleotides, in some embodiments fewer
than 270 nucleotides, in some embodiments fewer than 360
nucleotides, in some embodiments fewer than 450 nucle-
otides, in some embodiments fewer than 540 nucleotides, in
some embodiments fewer than 630 nucleotides, in some
embodiments fewer than 720 nucleotides, in some embodi-
ments fewer than 810 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than
990 nucleotides, in some embodiments fewer than 1080
nucleotides, in some embodiments fewer than 1170 nucle-
otides, in some embodiments fewer than 1260 nucleotides, in
some embodiments fewer than 1350 nucleotides, in some
embodiments fewer than 1440 nucleotides, in some embodi-
ments fewer than 1530 nucleotides, in some embodiments
fewer than 1620 nucleotides, in some embodiments fewer
than 1710 nucleotides, in some embodiments fewer than 1800
nucleotides, in some embodiments fewer than 1890 nucle-
otides, in some embodiments fewer than 1980 nucleotides, in
some embodiments fewer than 1020 nucleotides, and in some
embodiments fewer than 2070 nucleotides.

Fragments of SEQ ID NO:2 may comprise 30 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:2 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in same embodi-
ments, 120 or more amino acids; in some embodiments; 150
or more amino acids; in some embodiments 180 or more
amino acids; in some embodiments, 210 or more amino acids;
in some embodiments, 240 or more amino acids; in some
embodiments, 270 or more amino acids; in some embodi-
ments, 300 or more amino acids; in some embodiments, 330
or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids;
in some embodiments, 420 or more amino acids; in some
embodiments, 450 or more amino acids; in some embodi-
ments, 480 or more amino acids; in some embodiments, 510
or more amino acids; in some embodiments, 540 or more
amino acids; in some embodiments, 570 or more amino acids;
in some embodiments, 600 or more amino acids; in some
embodiments, 630 or more amino acids; in some embodi-
ments, 660 or more amino acid; and in some embodiments,
690 or more amino acids. Fragments may comprise fewer
than 90 amino acids, in some embodiments fewer than 120
amino acids, in some embodiments fewer than 150 amino
acids, in some embodiments fewer than 180 amino acids, in
some embodiments fewer than 210 amino acids, in some
embodiments fewer than 240 amino acids, in some embodi-
ments fewer than 270 amino acids, in some embodiments
fewer than 300 amino acids, in some embodiments fewer than
330 amino acids, in some embodiments fewer than 360 amino
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acids, in some embodiments fewer than 390 amino acids, in
some embodiments fewer than 420 amino acids, in some
embodiments fewer than 450 amino acids, in some embodi-
ments fewer than 480 amino acids, in some embodiments
fewer than 540 amino acids, in some embodiments fewer than
600 amino acids, in some embodiments fewer than 660 amino
acids, and in some embodiments fewer than 690 amino acids.

SEQ ID NO:3 is a subtype B consensus envelope DNA
sequence construct. SEQ ID NO:3 comprises coding
sequence for HIV vaccine sequence that comprises an IgE
leader sequence linked to a consensus sequence for Subtype B
envelope protein. SEQ ID NO:4 comprises the amino acid
sequence for HIV vaccine sequence construct that comprises
an IgE leader sequence linked to a consensus sequence for
Subtype B envelope protein. The IgE leader sequence is SEQ
ID NO:15. SEQ ID NO:17 is the Subtype B consensus Enve-
lope protein sequence.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:17, fragment thereof, a nucleic acid
molecule that encodes SEQ ID NO:17, or fragments thereof.
In some embodiments, vaccines of the invention preferably
include SEQ ID NO:4 or a nucleic acid molecule that encodes
it. In some embodiments, vaccines ofthe invention preferably
include SEQ ID NO:3. Vaccines of the present invention
preferably include the IgE leader sequence SEQ ID NO:15 or
nucleic acid sequence which encodes the same.

Fragments of SEQ ID NO:3 may comprise 90 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:3 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodi-
ments 360 or more nucleotides; in some embodiments, 450 or
more nucleotides; in some embodiments 540 or more nucle-
otides; in some embodiments, 630 or more nucleotides; in
some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodi-
ments, 900 or more nucleotides; in some embodiments, 990
or more nucleotides; in some embodiments, 1080 or more
nucleotides; in some embodiments, 1170 or more nucle-
otides; in some embodiments, 1260 or more nucleotides; in
some embodiments, 1350 or more nucleotides in some
embodiments, 1440 or more nucleotides; in some embodi-
ments, 1530 or more nucleotides; in some embodiments,
1620 or more nucleotides; in some embodiments, 1710 or
more nucleotides; in some embodiments, 1800 or more nucle-
otides; in some embodiments, 1890 or more nucleotides; in
some embodiments, 1980 or more nucleotides; in some
embodiments, 2070 or more nucleotides; in some embodi-
ments, 2160 or more nucleotides; in some embodiments,
2250 or more nucleotides; in some embodiments, 2340 or
more nucleotides; in some embodiments, 2430 or more nucle-
otides; in some embodiments, 2520 or more nucleotides; in
some embodiments, 2620 or more nucleotides; and in some
embodiments, 2700 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:3 may comprise coding
sequences for the IgE leader sequences. In some embodi-
ments, fragments of SEQ ID NO:3 do not comprise coding
sequences for the IgE leader sequences. Fragments may com-
prise fewer than 180 nucleotides, in some embodiments fewer
than 270 nucleotides, in some embodiments fewer than 360
nucleotides, in some embodiments fewer than 450 nucle-
otides, in some embodiments fewer than 540 nucleotides, in
some embodiments fewer than 630 nucleotides, in some
embodiments fewer than 720 nucleotides, in some embodi-
ments fewer than 810 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than
990 nucleotides, in some embodiments fewer than 1080
nucleotides, in some embodiments fewer than 1170 nucle-
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otides, in some embodiments fewer than 1260 nucleotides, in
some embodiments fewer than 1350 nucleotides, in some
embodiments fewer than 1440 nucleotides, in some embodi-
ments fewer than 1530 nucleotides, in some embodiments
fewer than 1620 nucleotides, in some embodiments fewer
than 1710 nucleotides, in some embodiments fewer than 1800
nucleotides, in some embodiments fewer than 1890 nucle-
otides, in some embodiments fewer than 1980 nucleotides, in
some embodiments fewer than 1020 nucleotides, in some
embodiments fewer than 2070 nucleotides, in some embodi-
ments fewer than 2160 nucleotides, in some embodiments
fewer than 2250 nucleotides, in some embodiments fewer
than 2340 nucleotides, in some embodiments fewer than 2430
nucleotides, in some embodiments fewer than 2520 nucle-
otides, in some embodiments fewer than 2610 nucleotides,
and in some embodiments fewer than 2700 nucleotides.

Fragments of SEQ ID NO:4 may comprise 30 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:4 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodi-
ments, 120 or more amino acids; in some embodiments; 150
or more amino acids; in some embodiments 180 or more
amino acids; in some embodiments, 210 or more amino acids;
in some embodiments, 240 or more amino acids; in some
embodiments. 270 or more amino acids; in some embodi-
ments, 300 or more amino acids; in some embodiments, 330
or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids;
in some embodiments, 420 or more amino acids; in some
embodiments, 450 or more amino acids; in some embodi-
ments, 480 or more amino acids; in some embodiments, 510
or more amino acids; in some embodiments, 540 or more
amino acids; in some embodiments, 570 or more amino acids;
in some embodiments, 600 or more amino acids; in some
embodiments, 630 or more amino acids; in some embodi-
ments, 660 or more amino acid; and in some embodiments,
690 or more amino acids. Fragments may comprise fewer
than 90 amino acids, in some embodiments fewer than 120
amino acids, in some embodiments fewer than 150 amino
acids, in some embodiments fewer than 180 amino acids, in
some embodiments fewer than 210 amino acids, in some
embodiments fewer than 240 amino acids, in some embodi-
ments fewer than 270 amino acids, in some embodiments
fewer than 300 amino acids, in some embodiments fewer than
330 amino acids, in some embodiments fewer than 360 amino
acids, in some embodiments fewer than 390 amino acids, in
some embodiments fewer than 420 amino acids, in some
embodiments fewer than 450 amino acids, in some embodi-
ments fewer than 480 amino acids, in some embodiments
fewer than 540 amino acids, in some embodiments fewer than
600 amino acids, in some embodiments fewer than 660 amino
acids, and in some embodiments fewer than 690 amino acids.

SEQ ID NO:5 is a subtype C consensus envelope DNA
sequence construct. SEQ ID NO:5 comprises coding
sequence for HIV vaccine sequence that comprises an IgE
leader sequence linked to a consensus sequence for Subtype C
envelope protein. SEQ ID NO:6 comprises the amino acid
sequence for HIV vaccine sequence construct that comprises
an IgE leader sequence linked to a consensus sequence for
Subtype C envelope protein. The IgE leader sequence is SEQ
IDNO:15. SEQ ID NO:18 is the Subtype C consensus Enve-
lope protein sequence.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:18, fragment thereof, a nucleic acid
molecule that encodes SEQ ID NO:18, or fragments thereof.
In some embodiments, vaccines of the invention preferably
include SEQ 10 NO:6 or a nucleic acid molecule that encodes
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it. In some embodiments, vaccines ofthe invention preferably
include SEQ ID NO:5. Vaccines of the present invention
preferably include the IgE leader sequence SEQ ID NO:15 or
nucleic acid sequence which encodes the same.

Fragments of SEQ ID NO:5 may comprise 90 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:5 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodi-
ments 360 or more nucleotides; in some embodiments, 450 or
more nucleotides; in some embodiments 540 or more nucle-
otides; in some embodiments, 630 or more nucleotides; in
some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodi-
ments, 900 or more nucleotides; in some embodiments, 990
or more nucleotides; in some embodiments, 1080 or more
nucleotides; in some embodiments, 1170 or more nucle-
otides; in some embodiments, 1260 or more nucleotides; in
some embodiments, 1350 or more nucleotides in some
embodiments, 1440 or more nucleotides; in some embodi-
ments, 1530 or more nucleotides; in some embodiments,
1620 or more nucleotides; in some embodiments, 1710 or
more nucleotides; in some embodiments, 1800 or more nucle-
otides; in some embodiments, 1890 or more nucleotides; in
some embodiments, 1980 or more nucleotides; and in some
embodiments, 2070 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:5 may comprise coding
sequences for the IgE leader sequences. In some embodi-
ments, fragments of SEQ ID NO:5 do not comprise coding
sequences for the IgE leader sequences. Fragments may com-
prise fewer than 180 nucleotides, in some embodiments fewer
than 270 nucleotides, in some embodiments fewer than 360
nucleotides, in some embodiments fewer than 450 nucle-
otides, in some embodiments fewer than 540 nucleotides, in
some embodiments fewer than 630 nucleotides, in some
embodiments fewer than 720 nucleotides, in some embodi-
ments fewer than 810 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than
990 nucleotides, in some embodiments fewer than 1080
nucleotides, in some embodiments fewer than 1170 nucle-
otides, in some embodiments fewer than 1260 nucleotides, in
some embodiments fewer than 1350 nucleotides, in some
embodiments fewer than 1440 nucleotides, in some embodi-
ments fewer than 1530 nucleotides, in some embodiments
fewer than 1620 nucleotides, in some embodiments fewer
than 1710 nucleotides, in some embodiments fewer than 1800
nucleotides, in some embodiments fewer than 1890 nucle-
otides, in some embodiments fewer than 1980 nucleotides, in
some embodiments fewer than 1020 nucleotides, and in some
embodiments fewer than 2070 nucleotides.

Fragments of SEQ ID NO:6 may comprise 30 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:6 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodi-
ments, 120 or more amino acids; in some embodiments; 150
or more amino acids; in some embodiments 180 or more
amino acids; in some embodiments, 210 or more amino acids;
in some embodiments, 240 or more amino acids; in some
embodiments, 270 or more amino acids; in some embodi-
ments, 300 or more amino acids; in some embodiments, 330
or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids;
in some embodiments, 420 or more amino acids; in some
embodiments, 450 or more amino acids; in some embodi-
ments, 480 or more amino acids; in some embodiments, 510
or more amino acids; in some embodiments, 540 or more
amino acids; in some embodiments, 570 or more amino acids;
in some embodiments, 600 or more amino acids; in some
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embodiments, 630 or more amino acids; in some embodi-
ments, 660 or more amino acid; and in some embodiments,
690 or more amino acids. Fragments may comprise fewer
than 90 amino acids, in some embodiments fewer than 120
amino acids, in some embodiments fewer than 150 amino
acids, in some embodiments fewer than 180 amino acids, in
some embodiments fewer than 210 amino acids, in some
embodiments fewer than 240 amino acids, in some embodi-
ments fewer than 270 amino acids, in some embodiments
fewer than 300 amino acids, in some embodiments fewer than
330 amino acids, in some embodiments fewer than 360 amino
acids, in some embodiments fewer than 390 amino acids, in
some embodiments fewer than 420 amino acids, in some
embodiments fewer than 450 amino acids, in some embodi-
ments fewer than 480 amino acids, in some embodiments
fewer than 540 amino acids, in some embodiments fewer than
600 amino acids, in some embodiments fewer than 660 amino
acids, and in some embodiments fewer than 690 amino acids.

SEQ ID NO:7 is a subtype D consensus envelope DNA
sequence construct. SEQ NO:7 comprises coding sequence
for HIV vaccine sequence that comprises an IgE leader
sequence linked to a consensus sequence for Subtype D enve-
lope protein. SEQ ID NO:8 comprises the amino acid
sequence for HIV vaccine sequence construct that comprises
an IgE leader sequence linked to a consensus sequence for
Subtype D envelope protein. The IgE leader sequence is SEQ
IDNO:15. SEQID NO:19 is the Subtype D consensus Enve-
lope protein sequence.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:19, fragment thereof, a nucleic acid
molecule that encodes SEQ ID NO:19, or fragments thereof.
In some embodiments, vaccines of the invention preferably
include SEQ ID NO:8 or a nucleic acid molecule that encodes
it. In some embodiments, vaccines ofthe invention preferably
include SEQ ID NO:7. Vaccines of the present invention
preferably include the IgE leader sequence SEQ ID NO:15 or
nucleic acid sequence which encodes the same.

Fragments of SEQ ID NO:7 may comprise 90 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:7 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodi-
ments 360 or more nucleotides; in some embodiments, 450 or
more nucleotides; in some embodiments 540 or more nucle-
otides; in some embodiments, 630 or more nucleotides; in
some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodi-
ments, 900 or more nucleotides; in some embodiments, 990
or more nucleotides; in some embodiments, 1080 or more
nucleotides; in some embodiments, 1170 or more nucle-
otides; in some embodiments, 1260 or more nucleotides; in
some embodiments, 1350 or more nucleotides in some
embodiments, 1440 or more nucleotides; in some embodi-
ments, 1530 or more nucleotides; in some embodiments,
1620 or more nucleotides; in some embodiments, 1710 or
more nucleotides; in some embodiments, 1800 or more nucle-
otides; in some embodiments, 1890 or more nucleotides; in
some embodiments, 1980 or more nucleotides; and in some
embodiments, 2070 or more nucleotides; and in some
embodiments, 2140 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:7 may comprise coding
sequences for the IgE leader sequences. In some embodi-
ments, fragments of SEQ ID NO:7 do not comprise coding
sequences for the IgE leader sequences. Fragments may com-
prise fewer than 180 nucleotides, in some embodiments fewer
than 270 nucleotides, in some embodiments fewer than 360
nucleotides, in some embodiments fewer than 450 nucle-
otides, in some embodiments fewer than 540 nucleotides, in
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some embodiments fewer than 630 nucleotides, in some
embodiments fewer than 720 nucleotides, in some embodi-
ments fewer than 810 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than
990 nucleotides, in some embodiments fewer than 1080
nucleotides, in some embodiments fewer than 1170 nucle-
otides, in some embodiments fewer than 1260 nucleotides, in
some embodiments fewer than 1350 nucleotides, in some
embodiments fewer than 1440 nucleotides, in some embodi-
ments fewer than 1530 nucleotides, in some embodiments
fewer than 1620 nucleotides, in some embodiments fewer
than 1710 nucleotides, in some embodiments fewer than 1800
nucleotides, in some embodiments fewer than 1890 nucle-
otides, in some embodiments fewer than 1980 nucleotides, in
some embodiments fewer than 1020 nucleotides, in some
embodiments fewer than 2070 nucleotides and in some
embodiments fewer than 2140 nucleotides.

Fragments of SEQ ID NO:8 may comprise 30 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:8 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodi-
ments, 120 or more amino acids; in some embodiments; 150
or more amino acids; in some embodiments 180 or more
amino acids; in some embodiments, 210 or more amino acids;
in some embodiments, 240 or more amino acids; in some
embodiments, 270 or more amino acids; in some embodi-
ments, 300 or more amino acids; in some embodiments, 330
or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids;
in some embodiments, 420 or more amino acids; in some
embodiments, 450 or more amino acids; in some embodi-
ments, 480 or more amino acids; in some embodiments, 510
or more amino acids; in some embodiments, 540 or more
amino acids; in some embodiments, 570 or more amino acids;
in some embodiments, 600 or more amino acids; in some
embodiments, 630 or more amino acids; in some embodi-
ments, 660 or more amino acid; and in some embodiments,
690 or more amino acids. Fragments may comprise fewer
than 90 amino acids, in some embodiments fewer than 120
amino acids, in some embodiments fewer than 150 amino
acids, in some embodiments fewer than 180 amino acids, in
some embodiments fewer than 210 amino acids, in some
embodiments fewer than 240 amino acids, in some embodi-
ments fewer than 270 amino acids, in some embodiments
fewer than 300 amino acids, in some embodiments fewer than
330 amino acids, in some embodiments fewer than 360 amino
acids, in some embodiments fewer than 390 amino acids, in
some embodiments fewer than 420 amino acids, in seine
embodiments fewer than 450 amino acids, in some embodi-
ments fewer than 480 amino acids, in some embodiments
fewer than 540 amino acids, in some embodiments fewer than
600 amino acids, in some embodiments fewer than 660 amino
acids, and in some embodiments fewer than 690 amino acids.

SEQ ID NO:9 is a subtype B Nef-Rev consensus envelope
DNA sequence construct. SEQ ID NO:9 comprises coding
sequence for HIV vaccine sequence that comprises an IgE
leader sequence linked to a consensus sequence for Subtype B
Nef-Rev protein. SEQ ID NO:10 comprises the amino acid
sequence for HIV vaccine sequence construct that comprises
an IgE leader sequence linked to a consensus sequence for
Subtype B Nef-Rev protein. The IgE leader sequence is SEQ
1D NO:15. SEQ ID NO:20 is the Subtype B Nef-Rev consen-
sus protein sequence.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:20 fragment thereof, a nucleic acid mol-
ecule that encodes SEQ ID NO:20, or fragments thereof. In
some embodiments, vaccines of the invention preferably
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include SEQ ID NO:10 or a nucleic acid molecule that
encodes it. In some embodiments, vaccines of the invention
preferably include SEQ ID NO:9. Vaccines of the present
invention preferably include the IgE leader sequence SEQ ID
NO:15 or nucleic acid sequence which encodes the same.

Fragments of SEQ ID NO:9 may comprise 90 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:9 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodi-
ments 360 or more nucleotides; in some embodiments, 450 or
more nucleotides; in some embodiments 540 or more nucle-
otides; in some embodiments, 630 or more nucleotides; in
some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodi-
ments, 900 or more nucleotides; and in some embodiments,
990 or more nucleotides; in some embodiments. In some
embodiments, fragments of SEQ ID NO:9 may comprise
coding sequences for the IgE leader sequences. In some
embodiments, fragments of SEQ ID NO:9 do not comprise
coding sequences for the IgE leader sequences. Fragments
may comprise fewer than 180 nucleotides, in some embodi-
ments fewer than 270 nucleotides, in some embodiments
fewer than 360 nucleotides, in some embodiments fewer than
450 nucleotides, in some embodiments fewer than 540 nucle-
otides, in some embodiments fewer than 630 nucleotides, in
some embodiments fewer than 720 nucleotides, in some
embodiments fewer than 810 nucleotides, in some embodi-
ments fewer than 900 nucleotides, and in some embodiments
fewer than 990 nucleotides.

Fragments of SEQ ID NO:2 may comprise 30 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:2 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodi-
ments, 120 or more amino acids; in some embodiments; 150
or more amino acids; in some embodiments 180 or more
amino acids; in some embodiments, 210 or more amino acids;
in some embodiments, 240 or more amino acids; in some
embodiments, 270 or more amino acids; in some embodi-
ments, 300 or more amino acids; and in some embodiments,
330 or more amino acids.

SEQ ID NO:11 is a Gag consensus DNA sequence of
subtype A, B, C and D DNA sequence construct. SEQ 1D
NO:11 comprises coding sequence for HIV vaccine sequence
that comprises an IgE leader sequence linked to a consensus
sequence for Gag consensus subtype A, B, C and D protein.
SEQ ID NO:12 comprises the amino acid sequence for HIV
vaccine sequence construct that comprises an IgE leader
sequence linked to a consensus sequence for Gag subtype A,
B, C and D protein. The IgE leader sequence is SEQ ID
NO:15. SEQ ID NO:21 is the consensus Gag subtype A, B, C
and D protein sequence.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:21, fragment thereof, a nucleic acid
molecule that encodes SEQ ID NO:21, or fragments thereof.
In some embodiments, vaccines of the invention preferably
include SEQ ID NO:12 or a nucleic acid molecule that
encodes it. In some embodiments, vaccines of the invention
preferably include SEQ ID NO:11. Vaccines of the present
invention preferably include the IgE leader sequence SEQ ID
NO:15 or nucleic acid sequence which encodes the same.

Fragments of SEQ ID NO:11 may comprise 90 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:11 may comprise 180 or more nucleotides; in some
embodiments, 270 or more nucleotides; in some embodi-
ments 360 or more nucleotides; in some embodiments, 450 or
more nucleotides; in some embodiments 540 or more nucle-
otides; in some embodiments. 630 or more nucleotides; in
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some embodiments, 720 or more nucleotides; in some
embodiments, 810 or more nucleotides; in some embodi-
ments, 900 or more nucleotides; in some embodiments, 990
or more nucleotides; in some embodiments, 1080 or more
nucleotides; in some embodiments, 1170 or more nucle-
otides; in some embodiments, 1260 or more nucleotides; in
some embodiments, 1350 or more nucleotides in some
embodiments, 1440 or more nucleotides; in some embodi-
ments, 1530 or more nucleotides; in some embodiments,
1620 or more nucleotides; in some embodiments, 1710 or
more nucleotides; and in some embodiments, 1800 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:11 may comprise coding sequences for the IgE leader
sequences. In some embodiments, fragments of SEQ ID
NO:11 do not comprise coding sequences for the IgE leader
sequences. Fragments may comprise fewer than 180 nucle-
otides, in some embodiments fewer than 270 nucleotides, in
some embodiments fewer than 360 nucleotides, in some
embodiments fewer than 450 nucleotides, in some embodi-
ments fewer than 540 nucleotides, in some embodiments
fewer than 630 nucleotides, in some embodiments fewer than
720 nucleotides, in some embodiments fewer than 810 nucle-
otides, in some embodiments fewer than 900 nucleotides, in
some embodiments fewer than 990 nucleotides, in some
embodiments fewer than 1080 nucleotides, in some embodi-
ments fewer than 1170 nucleotides, in some embodiments
fewer than 1260 nucleotides, in some embodiments fewer
than 1350 nucleotides, in some embodiments fewer than 1440
nucleotides, in some embodiments fewer than 1530 nucle-
otides, in some embodiments fewer than 1620 nucleotides, in
some embodiments fewer than 1710 nucleotides, and in some
embodiments fewer than 1800 nucleotides.

Fragments of SEQ ID NO:12 may comprise 30 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:12 may comprise 60 or more amino acids; in some
embodiments, 90 or more amino acids; in some embodi-
ments, 120 or more amino acids; in some embodiments; 150
or more amino acids; in some embodiments 180 or more
amino acids; in some embodiments, 210 or more amino acids;
in some embodiments, 240 or more amino acids; in some
embodiments, 270 or more amino acids; in some embodi-
ments, 300 or more amino acids; in some embodiments, 330
or more amino acids; in some embodiments, 360 or more
amino acids; in some embodiments, 390 or more amino acids;
in some embodiments, 420 or more amino acids; in some
embodiments, 450 or more amino acids; in some embodi-
ments, 480 or more amino acids; and in some embodiments,
510 or more amino acids. Fragments may comprise fewer
than 90 amino acids, in some embodiments fewer than 120
amino acids, in some embodiments fewer than 150 amino
acids, in some embodiments fewer than 180 amino acids, in
some embodiments fewer than 210 amino acids, in some
embodiments fewer than 240 amino acids, in some embodi-
ments fewer than 270 amino acids, in some embodiments
fewer than 300 amino acids, in some embodiments fewer than
330 amino acids, in some embodiments fewer than 360 amino
acids, in some embodiments fewer than 390 amino acids, in
some embodiments fewer than 420 amino acids, in some
embodiments fewer than 450 amino acids, in some embodi-
ments fewer than 480 amino acids, and in some embodiments
fewer than 510 amino acids.

HPV

SEQ ID NO:22 comprises coding sequence for HPV vac-
cine sequence that comprises and IgE leader sequence, a
consensus sequence for HPV E6, linked to a consensus
sequence for HPV E7 by a proteolytic cleavage sequence. The
consensus sequence for HPV E6 includes the immunodomi-
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nant epitope set forth in SEQ ID NO:24. The consensus
sequence for HPV E7 includes the immunodominant epitope
set forth in SEQ ID NO:25. The consensus sequence for HPV
E6 is SEQ ID NO:26. The consensus sequence for HPV E6 is
SEQ ID NO:27. The IgE leader sequence is SEQ ID NO:28.
A proteolytic cleavage sequence useful to link the two con-
sensus sequences is SEQ 1D NO:29.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:24 and/or SEQ IDNO:25, or nucleic acid
sequence which encode one of both of them. Vaccines of the
invention preferably include SEQ ID NO:27 and/or the SEQ
1D NO:28, or nucleic acid sequences which encode one or
both of them. Vaccines of the invention preferably include
SEQ ID NO:27 linked to SEQ ID NO:28 by a proteolytic
cleavage sequence such as SEQ ID NO:29, or nucleic acid
sequence which encodes the fusion protein. Vaccines of the
present invention preferably include the IgE leader sequence
SEQ ID NO:28 or nucleic acid sequence which encodes the
same. Vaccines of the invention preferably include SEQ ID
NO:23 or the nucleic acid sequence in SEQ ID NO:22.

In some embodiments, proteins comprises fragments of
SEQ ID NO:23. In some embodiments, proteins consist of
fragments of SEQ ID NO:23. In some embodiments, nucleic
acids comprises fragment of SEQ ID NO:22. In some
embodiments, nucleic acids consist of a fragment of SEQ ID
NO:22.

Fragments of SEQ ID NO:22 may comprise 30 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:22 may comprise 45 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:22 may comprise 60 or more nucleotides, including pref-
erably sequences that encode an immunodominant epitope.
In some embodiments, fragments of SEQ ID NO:22 may
comprise 75 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise 90
or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:22 may comprise 120 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:22 may comprise 150 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:22 may comprise 180 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:22
may comprise 210 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise
240 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:22 may comprise 270 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:22 may comprise 300 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:22 may comprise 360 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:22
may comprise 420 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise
480 or more nucleotides, including preferably sequences that
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encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:22 may comprise 540 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:22 may comprise 600 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:22 may comprise 300 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:22
may comprise 660 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:22 may comprise
720 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:22 may comprise 780 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:22 may comprise coding sequences for the IgE
leader sequences. In some embodiments, fragments of SEQ
ID NO:22 do not comprise coding sequences for the IgE
leader sequences. Fragments may comprise fewer than 60
nucleotides, in some embodiments fewer than 75 nucleotides,
in some embodiments fewer than 90 nucleotides, in some
embodiments fewer than 120 nucleotides, in some embodi-
ments fewer than 150 nucleotides, in some embodiments
fewer than 180 nucleotides, in some embodiments fewer than
210 nucleotides, in some embodiments fewer than 240 nucle-
otides, in some embodiments fewer than 270 nucleotides, in
some embodiments fewer than 300 nucleotides, in some
embodiments fewer than 360 nucleotides, in some embodi-
ments fewer than 420 nucleotides, in some embodiments
fewer than 480 nucleotides, in some embodiments fewer than
540 nucleotides, in some embodiments fewer than 600 nucle-
otides, in some embodiments fewer than 660 nucleotides, in
some embodiments fewer than 720 nucleotides, and in some
embodiments fewer than 780 nucleotides.

Fragments of SEQ ID NO:23 may comprise 15 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:23 may comprise 18 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:23 may comprise 21 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23
may comprise 24 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise 30
or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:23 may comprise 36 or more amino
acids, including preferably sequences that encode an immu-
nodominant epitope. In some embodiments, fragments of
SEQ ID NO:23 may comprise 42 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:23 may comprise 48 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23
may comprise 54 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise 60
or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:23 may comprise 18 or more amino
acids, including preferably sequences that encode an immu-
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nodominant epitope. In some embodiments, fragments of
SEQ ID NO:23 may comprise 72 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:23 may comprise 90 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23
may comprise 120 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise
150 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:23 may comprise 180 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:23 may comprise 210 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:23 may comprise 240 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:23
may comprise 260 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:23 may comprise
coding sequences for the IgE leader sequences. In some
embodiments, fragments of SEQ ID NO:23 do not comprise
coding sequences for the IgE leader sequences. Fragments
may comprise fewer than 24 amino acids, in some embodi-
ments fewer than 30 amino acids, in some embodiments
fewer than 36 amino acids, in some embodiments fewer than
42 amino acids, in some embodiments fewer than 48 amino
acids, in some embodiments fewer than 54 amino acids, in
some embodiments fewer than 60 amino acids, in some
embodiments fewer than 72 amino acids, in some embodi-
ments fewer than 90 amino acids, in some embodiments
fewer than 120 amino acids, in some embodiments fewer than
150 amino acids, in some embodiments fewer than 180 amino
acids, in some embodiments fewer than 210 amino acids in
some embodiments fewer than 240 amino acids, and in some
embodiments fewer than 260 amino acids.

HCV

SEQ ID NO:30 comprises coding sequence for HCV vac-
cine sequence that comprises and IgE leader sequence, a
consensus sequence for HCV El, linked to a consensus
sequence for HCV E2 by a proteolytic cleavage sequence.
The consensus sequence for HCV E1 is SEQ ID NO:32. The
consensus sequence for HCV E2 is SEQ ID NO:33.

In some embodiments, vaccines of the invention preferably
include SEQ ID NO:32 and/or SEQ IDNO:33, or nucleic acid
sequence which encode one of both of them. Vaccines of the
invention preferably include SEQ ID NO:32 linked to SEQ ID
NO:33 by a proteolytic cleavage sequence such as SEQ ID
NO:29, or nucleic acid sequence which encodes the fusion
protein. Vaccines of the present invention preferably include
the IgE leader sequence SEQ ID NO:28 or nucleic acid
sequence which encodes the same. Vaccines of the invention
preferably include SEQ ID NO:31 or the nucleic acid
sequence in SEQ ID NO:30.

In some embodiments of the invention, the vaccines of the
invention include the SEQ ID NO:30 and a nucleic acid
sequence or amino acid sequence encoded by the nucleic acid
sequences thereof selected from the following group: SEQ ID
NO:34, SEQ ID NO:35, and any combination thereof.

Fragments of SEQ ID NO:30 may comprise 30 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:30 may comprise 45 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise 60
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or more nucleotides. In some embodiments, fragments of
SEQ ID NO:30 may comprise 75 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:30 may com-
prise 90 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:30 may comprise 120 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:30
may comprise 150 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:30 may comprise 180 or
more nucleotides. In some embodiments, fragments of SEQ
ID NO:30 may comprise 210 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise
240 or more nucleotides. In some embodiments, fragments of
SEQ ID NO:30 may comprise 270 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:30 may com-
prise 300 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:30 may comprise 360 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:30
may comprise 420 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:30 may comprise 480 or
more nucleotides. In some embodiments, fragments of SEQ
ID NO:30 may comprise 540 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise
600 or more nucleotides. In some embodiments, fragments of
SEQ ID NO:30 may comprise 660 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:30 may com-
prise 720 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:30 may comprise 780 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:30
may comprise 840 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:30 may comprise 900 or
more nucleotides. In some embodiments, fragments of SEQ
ID NO:30 may comprise 960 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise
1020 or more nucleotides. In some embodiments, fragments
of SEQ ID NO:30 may comprise 1080 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:30 may com-
prise 1140 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:30 may comprise 1200 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:30
may comprise 1260 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:30 may comprise 1320 or
more nucleotides. In some embodiments, fragments of SEQ
1D NO:30 may comprise 1380 or more nucleotides. In some
embodiments, fragments of SEQ CD NO:30 may comprise
1440 or more nucleotides. In some embodiments, fragments
of SEQ ED NO:30 may comprise 1500 or more nucleotides.
In some embodiments, fragments of SEQ ID NO:30 may
comprise 1560 or more nucleotides. In some embodiments,
fragments of SEQ ID NO:30 may comprise 1620 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:30 may comprise 1680 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:30 may comprise
1740 or more nucleotides. In some embodiments, fragments
of SEQ ID NO:30 may comprise coding sequences for the IgE
leader sequences. En some embodiments, fragments of SEQ
ID NO:30 do not comprise coding sequences for the IgE
leader sequences. Fragments may comprise fewer than 60
nucleotides, in some embodiments fewer than 75 nucleotides,
in some embodiments fewer than 90 nucleotides, in some
embodiments fewer than 120 nucleotides, in some embodi-
ments fewer than 150 nucleotides, in some embodiments
fewer than 180 nucleotides, in some embodiments fewer than
210 nucleotides, in some embodiments fewer than 240 nucle-
otides, in some embodiments fewer than 270 nucleotides, in
some embodiments fewer than 300 nucleotides, in some
embodiments fewer than 360 nucleotides, in some embodi-
ments fewer than 420 nucleotides, in some embodiments
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fewer than 480 nucleotides, in some embodiments fewer than
540 nucleotides, in some embodiments fewer than 600 nucle-
otides, in some embodiments fewer than 660 nucleotides, in
some embodiments fewer than 720 nucleotides, in some
embodiments fewer than 780 nucleotides, in some embodi-
ments fewer than 840 nucleotides, in some embodiments
fewer than 900 nucleotides, in some embodiments fewer than
960 nucleotides, in some embodiments fewer than 1020
nucleotides, in some embodiments fewer than 1080 nucle-
otides, in some embodiments fewer than 1140 nucleotides, in
some embodiments fewer than 1200 nucleotides, in some
embodiments fewer than 1260 nucleotides, in some embodi-
ments fewer than 1320 nucleotides, in some embodiments
fewer than 1380 nucleotides, in some embodiments fewer
than 1440 nucleotides, in some embodiments fewer than 1500
nucleotides, in some embodiments fewer than 1560 nucle-
otides, in some embodiments fewer than 1620 nucleotides, in
some embodiments fewer than 1680 nucleotides, and in some
embodiments fewer than 1740 nucleotides.

Fragments of SEQ ID NO:31 may comprise 15 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:31 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:31 may comprise 45
or more amino acids. In some embodiments, fragments of
SEQ ID NO:31 may comprise 60 or more amino acids. In
some embodiments, fragments of SEQ ID NO:31 may com-
prise 75 or more amino acids. In some embodiments, frag-
ments of SEQ ID NO:31 may comprise 90 or more amino
acids. In some embodiments, fragments of SEQ ID NO:31
may comprise 105 or more amino acids. In some embodi-
ments, fragments of SEQ ID NO:31 may comprise 120 or
more amino acids. In some embodiments, fragments of SEQ
1D NO:31 may comprise 150 or more amino acids. In some
embodiments, fragments of SEQ ID NO:31 may comprise
180 or more amino acids. In some embodiments, fragments of
SEQ ID NO:31 may comprise 210 or more amino acids. In
some embodiments, fragments of SEQ ID NO:31 may com-
prise 240 or more amino acids. In some embodiments, frag-
ments of SEQ ID NO:31 may comprise 270 or more amino
acids. In some embodiments, fragments of SEQ ID NO:31
may comprise 300 or more amino acids. In some embodi-
ments, fragments of SEQ ID NO:31 may comprise 360 or
more amino acids. In some embodiments, fragments of SEQ
1D NO:31 may comprise 420 or more amino acids. In some
embodiments, fragments of SEQ ID NO:31 may comprise
480 or more amino acids. In some embodiments, fragments of
SEQ ID NO:31 may comprise 540 or more amino acids. In
some embodiments, fragments of SEQ ID NO:31 may com-
prise 575 or more amino acids. Fragments may comprise
fewer than 30 amino acids, in some embodiments fewer than
45 amino acids, in some embodiments fewer than 60 amino
acids, in some embodiments fewer than 75 amino acids, in
some embodiments fewer than 90 amino acids, in some
embodiments fewer than 120 amino acids, in some embodi-
ments fewer than 150 amino acids, in some embodiments
fewer than 180 amino acids, in some embodiments fewer than
210 amino acids, in some embodiments fewer than 240 amino
acids, in some embodiments fewer than 270 amino acids, in
some embodiments fewer than 300 amino acids, in some
embodiments fewer than 360 amino acids, in some embodi-
ments fewer than 420 amino acids, in some embodiments
fewer than 480 amino acids, in some embodiments fewer than
540 amino acids, and in some embodiments fewer than 575
amino acids.
hTERT

hTERT is a human telomerase reverse transcriptase that
synthesizes a TTAGGG tag on the end of telomeres to prevent
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cell death due to chromosomal shortening. Hyperprolifera-
tive cells with abnormally high expression of hTERT may be
targeted by immunotherapy. Recent studies also support the
abnormal expression of hTERT on hyperproliferative cells
infected with HCV and HPV. Thus, immunotherapy for both
HPV and HCV may be enhanced by targeting cells that
express hTERT at abnormal levels.

Recent studies demonstrate that h\TERT expression in den-
dritic cells transfected with hTERT genes can induce CD8+
cytotoxic T cells and elicit a CD4+ T cells in an antigen-
specific fashion. Therefore, use of h\TERT expression within
antigen presenting cells (APCs) to delay senescence and sus-
tain their capacity to present the antigen of choice is attractive
in developing new methods of immunotherapy.

According to some embodiments of the invention, methods
of inducing an immune response in individuals against an
immunogen comprise administering to the individual the
hTERT protein and functional fragments thereof or express-
ible coding sequences thereof in combination with an isolated
nucleic acid molecule that encodes protein of the invention
and/or a recombinant vaccine that encodes protein of the
invention and/or a subunit vaccine that protein of the inven-
tion and/or a live attenuated vaccine and/or a killed vaccine.

In some embodiments of the invention, the vaccines of the
invention include the SEQ ID NO:30 and a nucleic acid
sequence or amino acid sequence encoded by the nucleic acid
sequences thereof selected from the following group: SEQ ID
NO:34, SEQ ID NO:35, and any combination thereof. In
some embodiments of the invention, the vaccines of the
invention comprise SEQ ID NO:34 or SEQ ID NO:35. SEQ
1D NO:34 comprises the nucleic acid sequence that encodes
hTERT. SEQ ID NO:35 comprises the amino acid sequence
for hTERT.

In some embodiments of the invention, the vaccines of the
invention comprise SEQ ID NO:22 and SEQ ID NO:34 or
SEQ ID NO: 35. Using nucleic acid sequences that encode
hTERT and/or protein of hTERT in combination with the
HPV immunogens enhance the cell-mediated immune
response against HPV-infected cells.

Fragments of SEQ ID NO:34 may comprise 30 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 45 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 60 or more nucleotides, including pref-
erably sequences that encode an immunodominant epitope.
In some embodiments, fragments of SEQ ID NO:1 may com-
prise 75 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 90 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 120 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 150 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 180 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
210 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 240 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
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of SEQ ID NO:34 may comprise 270 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 300 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 360 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
420 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 480 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 540 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 600 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 300 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
660 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 720 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 780 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 840 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 900 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
960 or more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 1020 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 1080 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 1140 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 1200 or more nucleotides, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:34 may com-
prise 1260 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
1320 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 1380 or
more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 1440 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 1500 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 1560 or more nucleotides, including
preferably sequences that encode an immunodominant
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epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 1620 or more nucleotides, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:34 may com-
prise 1680 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
1740 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 1800 or
more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 1860 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 1920 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 1980 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 2040 or more nucleotides, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:34 may com-
prise 2100 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
2160 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 2220 or
more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 2280 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 2340 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 2400 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 2460 or more nucleotides, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:34 may com-
prise 2520 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
2580 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 2640 or
more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 2700 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 2760 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 2820 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 2880 or more nucleotides, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:34 may com-
prise 2940 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
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3000 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 3060 or
more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise 3120 or more
nucleotides, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:34 may comprise 3180 or more nucleotides,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:34 may comprise 3240 or more nucleotides, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:34
may comprise 3300 or more nucleotides, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:34 may com-
prise 3360 or more nucleotides, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:34 may comprise
3420 or more nucleotides, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:34 may comprise 3480 or
more nucleotides, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:34 may comprise coding sequences
for the IgE leader sequences. In some embodiments, frag-
ments of SEQ ID NO:34 do not comprise coding sequences
for the IgE leader sequences. Fragments may comprise fewer
than 60 nucleotides, in some embodiments fewer than 75
nucleotides, in some embodiments fewer than 90 nucleotides,
in some embodiments fewer than 120 nucleotides, in some
embodiments fewer than 150 nucleotides, in some embodi-
ments fewer than 180 nucleotides, in some embodiments
fewer than 210 nucleotides, in some embodiments fewer than
240 nucleotides, in some embodiments fewer than 270 nucle-
otides, in some embodiments fewer than 300 nucleotides, in
some embodiments fewer than 360 nucleotides, in some
embodiments fewer than 420 nucleotides, in some embodi-
ments fewer than 480 nucleotides, in some embodiments
fewer than 540 nucleotides, in some embodiments fewer than
600 nucleotides, in some embodiments fewer than 660 nucle-
otides, in some embodiments fewer than 720 nucleotides, in
some embodiments fewer than 780 nucleotides, in some
embodiments fewer than 840 nucleotides, in some embodi-
ments fewer than 900 nucleotides, in some embodiments
fewer than 960 nucleotides, in some embodiments fewer than
1020 nucleotides, in some embodiments fewer than 1080
nucleotides, in some embodiments fewer than 1140 nucle-
otides, in some embodiments fewer than 1200 nucleotides, in
some embodiments fewer than 1260 nucleotides, in some
embodiments fewer than 1320 nucleotides, in some embodi-
ments fewer than 1380 nucleotides, in some embodiments
fewer than 1440 nucleotides, in some embodiments fewer
than 1500 nucleotides, in some embodiments fewer than 1560
nucleotides, in some embodiments fewer than 1620 nucle-
otides, in some embodiments fewer than 1680 nucleotides, in
some embodiments fewer than 1740 nucleotides, in some
embodiments fewer than 1800 nucleotides, in some embodi-
ments fewer than 1860 nucleotides, in some embodiments
fewer than 1920 nucleotides, in some embodiments fewer
than 1980 nucleotides, in some embodiments fewer than 2040
nucleotides, in some embodiments fewer than 2100 nucle-
otides, in some embodiments fewer than 2160 nucleotides, in
some embodiments fewer than 2220 nucleotides, in some
embodiments fewer than 2280 nucleotides, in some embodi-
ments fewer than 2340 nucleotides, in some embodiments
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fewer than 2400 nucleotides, in some embodiments fewer
than 2460 nucleotides, in some embodiments fewer than 2520
nucleotides, in some embodiments fewer than 2580 nucle-
otides, in some embodiments fewer than 2640 nucleotides, in
some embodiments fewer than 2700 nucleotides, in some
embodiments fewer than 2760 nucleotides, in some embodi-
ments fewer than 2820 nucleotides, in some embodiments
fewer than 2860 nucleotides, in some embodiments fewer
than 2940 nucleotides, in some embodiments fewer than 3000
nucleotides, in some embodiments fewer than 3060 nucle-
otides, in some embodiments fewer than 3120 nucleotides, in
some embodiments fewer than 3180 nucleotides, in some
embodiments fewer than 3240 nucleotides, in some embodi-
ments fewer than 3300 nucleotides, in some embodiments
fewer than 3360 nucleotides, in some embodiments fewer
than 3420 nucleotides, in some embodiments fewer than 3480
nucleotides, and in some embodiments fewer than 3510
nucleotides.

Fragments of SEQ ID NO:35 may comprise 15 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 18 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 21 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 24 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 30
or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 36 or more amino
acids, including preferably sequences that encode an immu-
nodominant epitope. In some embodiments, fragments of
SEQ ID NO:35 may comprise 42 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 48 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 54 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise 60
or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 66 or more amino
acids, including preferably sequences that encode an immu-
nodominant epitope. In some embodiments, fragments of
SEQ ID NO:35 may comprise 72 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 90 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 120 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
150 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 180 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 210 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 240 or more amino acids, including
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preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 270 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
300 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 330 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 360 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 390 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 420 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
450 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 480 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 510 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 540 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 570 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
600 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 630 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 660 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 690 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 720 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
750 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 780 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 810 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 840 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 870 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
900 or more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 930 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 960 or more amino acids,
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including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 990 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 1020 or more amino acids, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:35 may com-
prise 1050 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
1080 or more amino acids, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:35 may comprise 1110 or
more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 1140 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 1170 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 1200 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 1230 or more amino acids, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:35 may com-
prise 1260 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
1290 or more amino acids, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:35 may comprise 1320 or
more amino acids, including preferably sequences that
encode an immunodominant epitope. In some embodiments,
fragments of SEQ ID NO:35 may comprise 1350 or more
amino acids, including preferably sequences that encode an
immunodominant epitope. In some embodiments, fragments
of SEQ ID NO:35 may comprise 1380 or more amino acids,
including preferably sequences that encode an immunodomi-
nant epitope. In some embodiments, fragments of SEQ ID
NO:35 may comprise 1410 or more amino acids, including
preferably sequences that encode an immunodominant
epitope. In some embodiments, fragments of SEQ ID NO:35
may comprise 1440 or more amino acids, including prefer-
ably sequences that encode an immunodominant epitope. In
some embodiments, fragments of SEQ ID NO:35 may com-
prise 1470 or more amino acids, including preferably
sequences that encode an immunodominant epitope. In some
embodiments, fragments of SEQ ID NO:35 may comprise
1500 or more amino acids, including preferably sequences
that encode an immunodominant epitope. In some embodi-
ments, fragments of SEQ ID NO:35 may comprise coding
sequences for the IgE leader sequences. In some embodi-
ments, fragments of SEQ ID NO:35 do not comprise coding
sequences for the IgE leader sequences. Fragments may com-
prise fewer than 24 amino acids, in some embodiments fewer
than 30 amino acids, in some embodiments fewer than 36
amino adds, in some embodiments fewer than 42 amino acids,
in some embodiments fewer than 48 amino acids, in some
embodiments fewer than 54 amino acids, in some embodi-
ments fewer than 60 amino acids, in some embodiments
fewer than 72 amino acids, in some embodiments fewer than
90 amino acids, in some embodiments fewer than 120 amino
acids, in some embodiments fewer than 150 amino acids, in
some embodiments fewer than 180 amino adds, in some
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embodiments fewer than 210 amino acids in some embodi-
ments fewer than 240 amino acids, in some embodiments
fewer than 260 amino acids, in some embodiments fewer than
290 amino acids, in some embodiments fewer than 320 amino
acids, in some embodiments fewer than 350 amino acids, in
some embodiments fewer than 380 amino acids, in some
embodiments fewer than 410 amino acids in some embodi-
ments fewer than 440 amino acids, in some embodiments
fewer than 470 amino acids in some embodiments fewer than
500 amino acids, in some embodiments fewer than 530 amino
acids in some embodiments fewer than 560 amino acids, in
some embodiments fewer than 590 amino acids, in some
embodiments fewer than 620 amino acids, in some embodi-
ments fewer than 650 amino acids, in some embodiments
fewer than 680 amino acids, in some embodiments fewer than
710 amino acids, in some embodiments fewer than 740 amino
acids, in some embodiments fewer than 770 amino acids, in
some embodiments fewer than 800 amino acids, in some
embodiments fewer than 830 amino acids, in some embodi-
ments fewer than 860 amino acids, in some embodiments
fewer than 890 amino acids, in some embodiments fewer than
920 amino acids, in some embodiments fewer than 950 amino
acids, in some embodiments fewer than 980 amino acids, in
some embodiments fewer than 1010 amino acids, in some
embodiments fewer than 1040 amino acids, in some embodi-
ments fewer than 1070 amino acids, in some embodiments
fewer than 1200 amino acids, in some embodiments fewer
than 1230 amino acids, in some embodiments fewer than
1260 amino acids, in some embodiments fewer than 1290
amino acids, in some embodiments fewer than 1320 amino
acids, in some embodiments fewer than 1350 amino acids, in
some embodiments fewer than 1380 amino acids, in some
embodiments fewer than 1410 amino acids, in some embodi-
ments fewer than 1440 amino acids, in some embodiments
fewer than 1470 amino acids, and in some embodiments
fewer than 1500 amino acids.
Influenza

According to some embodiments of the invention, methods
of inducing an immune response in individuals against an
immunogen comprise administering to the individual the
Influenza strain HSN1 hemagglutinin (HA) protein and func-
tional fragments thereof or expressible coding sequences
thereofin combination with an isolated nucleic acid molecule
that encodes protein of the invention and/or a recombinant
vaccine that encodes protein of the invention and/or a subunit
vaccine that protein of the invention and/or a live attenuated
vaccine and/or a killed vaccine. In some embodiments, the
influenza vaccine compositions and methods comprise the
use of a nucleic acid sequence that encodes HA protein from
Influenza virus species. In some embodiments, the Influenza
vaccine compositions and method comprise the use of nucleic
acid sequences that encode HA from Influenza viral strain
HINS and nucleic acid sequences encoding Influenza pro-
teins selected from the group consisting of: SEQ ID NO:38,
SEQIDNO:40, and SEQID NO:42. In some embodiments of
the invention, the vaccines of the invention comprise SEQ ID
NO:36 or SEQ ID NO:37. SEQ ID NO:36 comprises the
nucleic acid sequence that encodes HINS HA of Influenza
virus. SEQ ID NO:37 comprises the amino acid sequence for
HINS HA of Influenza virus. In some embodiments of the
invention, the vaccines of the invention comprise SEQ ID
NO:38 or SEQ ID NO:39. SEQ ID NO:38 comprises the
nucleic acid sequence that encodes Influenza HIN1 and
HS5N1 NA consensus sequences. SEQ ID NO:39 comprises
the amino acid sequence for Influenza HIN1 and HSN1 NA
consensus sequences. In some embodiments of the invention,
the vaccines of the invention comprise SEQ ID NO:40 or SEQ
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ID NO:41. SEQ ID NO:40 comprises the nucleic acid
sequence that encodes Influenza HIN1 and HSN1 M1 con-
sensus sequences. SEQ ID NO:41 comprises the amino acid
sequence for Influenza HIN1 and H5N1 M1 consensus
sequences. In some embodiments of the invention, the vac-
cines of the invention comprise SEQ ID NO:42 or SEQ ID
NO:43. SEQ ID NO:42 comprises the nucleic acid sequence
that encodes Influenza HSN1 M2E-NP consensus sequence.
SEQ ID NO:43 comprises the amino acid sequence for Influ-
enza H5N1 M2E-NP consensus sequence. In some embodi-
ments of the invention, the vaccines of the invention include
the SEQ ID NO:36 and a sequence selected from the follow-
ing group: SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39,
SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ 1D
NO:43, and any combination thereof. The consensus
sequence for Influenza virus strain HSN1 HA includes the
immunodominant epitope set forth in SEQ ID NO:36. The
Influenza virus HSN1 HA amino acid sequence encoded by
SEQ ID NO:36 is SEQ ID NO:37. The consensus sequence
for Influenza virus HIN1/H5N1 NA includes the immun-
odominant epitope set forth in SEQ ID NO:38. The Influenza
virus strains HIN1/HS5N1 NA amino acid sequence encoded
by SEQ ID NO:38 is SEQ ID NO:39. The consensus
sequence for Influenza virus strains HIN1/HS5N1 M1
includes the immunodominant epitope set forth in SEQ ID
NO:40. The Influenza virus HIN1/H5N1 M1 amino acid
sequence encoded by SEQ ID NO:40 is SEQ ID NO:41. The
consensus sequence for Influenza virus HSN1 M2E-NP
includes the immunodominant epitope set forth in SEQ ID
NO:42. The Influenza virus H5SN1 M2E-NP amino acid
sequence encoded by SEQ ID NO:42 is SEQ ID NO:43.
Vaccines of the present invention may include protein prod-
ucts encoded by the nucleic acid molecules defined above or
any fragments of proteins.

Fragments of SEQ ID NO:36 may comprise 30 or more
nucleotides. In some embodiments, fragments of SEQ ID
NO:36 may comprise 45 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise 60
or more nucleotides. In some embodiments, fragments of
SEQ ID NO:36 may comprise 75 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:36 may com-
prise 90 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:36 may comprise 120 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:36
may comprise 150 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:36 may comprise 180 or
more nucleotides. In some embodiments, fragments of SEQ
ID NO:36 may comprise 210 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise
240 or more nucleotides. In some embodiments, fragments of
SEQ ID NO:36 may comprise 270 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:36 may com-
prise 300 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:36 may comprise 360 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:36
may comprise 420 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:36 may comprise 480 or
more nucleotides. In some embodiments, fragments of SEQ
ID NO:36 may comprise 540 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise
600 or more nucleotides. In some embodiments, fragments of
SEQ ID NO:36 may comprise 660 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:36 may com-
prise 720 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:36 may comprise 780 or more nucle-
otides. In some embodiments, fragments of SEQ 1D NO:36
may comprise 840 or more nucleotides. In some embodi-
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ments, fragments of SEQ ID NO:36 may comprise 900 or
more nucleotides. In some embodiments, fragments of SEQ
1D NO:36 may comprise 960 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise
1020 or more nucleotides. In some embodiments, fragments
of SEQ ID NO:36 may comprise 1080 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:36 may com-
prise 1140 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:36 may comprise 1200 or more nucle-
otides. In some embodiments, fragments of SEQ ID NO:36
may comprise 1260 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:36 may comprise 1320 or
more nucleotides. In some embodiments, fragments of SEQ
1D NO:36 may comprise 1380 or more nucleotides. In some
embodiments, fragments of SEQ ID NO:36 may comprise
1440 or more nucleotides. In some embodiments, fragments
of SEQ ID NO:36 may comprise 1500 or more nucleotides. In
some embodiments, fragments of SEQ ID NO:36 may com-
prise 1560 or more nucleotides. In some embodiments, frag-
ments of SEQ ID NO:36 may comprise 1620 or more nucle-
otides. In some embodiments, fragments of SEQ ID NO:36
may comprise 1680 or more nucleotides. In some embodi-
ments, fragments of SEQ ID NO:36 may comprise 1740 or
more nucleotides. In some embodiments, fragments of SEQ
1D NO:36 may comprise coding sequences for the IgE leader
sequences. In some embodiments, fragments of SEQ ID
NO:36 do not comprise coding sequences for the IgE leader
sequences. Fragments of SEQ ID NO:36 may comprise fewer
than 60 nucleotides, in some embodiments fewer than 75
nucleotides, in some embodiments fewer than 90 nucleotides,
in some embodiments fewer than 120 nucleotides, in some
embodiments fewer than 150 nucleotides, in some embodi-
ments fewer than 180 nucleotides, in some embodiments
fewer than 210 nucleotides, in some embodiments fewer than
240 nucleotides, in some embodiments fewer than 270 nucle-
otides, in some embodiments fewer than 300 nucleotides, in
some embodiments fewer than 360 nucleotides, in some
embodiments fewer than 420 nucleotides, in some embodi-
ments fewer than 480 nucleotides, in some embodiments
fewer than 540 nucleotides, in some embodiments fewer than
600 nucleotides, in some embodiments fewer than 660 nucle-
otides, in some embodiments fewer than 720 nucleotides, in
some embodiments fewer than 780 nucleotides, in some
embodiments fewer than 840 nucleotides, in some embodi-
ments fewer than 900 nucleotides, in some embodiments
fewer than 960 nucleotides, in some embodiments fewer than
1020 nucleotides, in some embodiments fewer than 1080
nucleotides, in some embodiments fewer than 1140 nucle-
otides, in some embodiments fewer than 1200 nucleotides, in
some embodiments fewer than 1260 nucleotides, in some
embodiments fewer than 1320 nucleotides, in some embodi-
ments fewer than 1380 nucleotides, in some embodiments
fewer than 1440 nucleotides, in some embodiments fewer
than 1500 nucleotides, in some embodiments fewer than 1560
nucleotides, in some embodiments fewer than 1620 nucle-
otides, in some embodiments fewer than 1680 nucleotides,
and in some embodiments fewer than 1740 nucleotides.
Fragments of SEQ ID NO:37 may comprise 15 or more
amino acids. In some embodiments, fragments of SEQ ID
NO:37 may comprise 30 or more amino acids. In some
embodiments, fragments of SEQ ID NO:37 may comprise 45
or more amino acids. In some embodiments, fragments of
SEQ ID NO:37 may comprise 60 or more amino acids. In
some embodiments, fragments of SEQ ID NO:37 may com-
prise 75 or more amino acids. In some embodiments, frag-
ments of SEQ ID NO:37 may comprise 90 or more amino
acids. In some embodiments, fragments of SEQ 1D NO:37
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may comprise 105 or more amino acids. In some embodi-
ments, fragments of SEQ ID NO:37 may comprise 120 or
more amino acids. In some embodiments, fragments of SEQ
ID NO:37 may comprise 150 or more amino acids. In some
embodiments, fragments of SEQ ID NO:37 may comprise
180 or more amino acids. In some embodiments, fragments of
SEQ ID NO:37 may comprise 210 or more amino acids. In
some embodiments, fragments of SEQ ID NO:37 may com-
prise 240 or more amino acids. In some embodiments, frag-
ments of SEQ ID NO:37 may comprise 270 or more amino
acids. In some embodiments, fragments of SEQ ID NO:37
may comprise 300 or more amino acids. In some embodi-
ments, fragments of SEQ ID NO:37 may comprise 360 or
more amino acids. In some embodiments, fragments of SEQ
1D NO:37 may comprise 420 or more amino acids. In some
embodiments, fragments of SEQ ID NO:37 may comprise
480 or more amino acids. In some embodiments, fragments of
SEQ ID NO:37 may comprise 540 or more amino acids. In
some embodiments, fragments of SEQ ID NO:37 may com-
prise 565 or more amino acids. Fragments of SEQ ID NO:37
may comprise fewer than 30 amino acids, in some embodi-
ments fewer than 45 amino acids, in some embodiments
fewer than 60 amino acids, in some embodiments fewer than
75 amino acids, in some embodiments fewer than 90 amino
acids, in some embodiments fewer than 120 amino acids, in
some embodiments fewer than 150 amino acids, in some
embodiments fewer than 180 amino acids, in some embodi-
ments fewer than 210 amino acids, in some embodiments
fewer than 240 amino acids, in some embodiments fewer than
270 amino acids, in some embodiments fewer than 300 amino
acids, in some embodiments fewer than 360 amino acids, in
some embodiments fewer than 420 amino acids, in some
embodiments fewer than 480 amino acids, in some embodi-
ments fewer than 540 amino acids, and in some embodiments
fewer than 565 amino acids.

According to some embodiments of the invention, methods
of inducing an immune response in individuals against an
immunogen comprise administering to the individual the
Influenza strain HIN1 and Influenza strain HSN1 NA protein
and functional fragments thereof or expressible coding
sequences thereof in combination with an isolated nucleic
acid molecule that encodes protein of the invention and/or a
recombinant vaccine that encodes protein of the invention
and/or a subunit vaccine that protein of the invention and/or a
live attenuated vaccine and/or a killed vaccine.

According to some embodiments of the invention, methods
of inducing an immune response in individuals against an
immunogen comprise administering to the individual the
Influenza strain HIN1 and Influenza strain HSN1 M1 protein
and functional fragments thereof or expressible coding
sequences thereof in combination with an isolated nucleic
acid molecule that encodes protein of the invention and/or a
recombinant vaccine that encodes protein of the invention
and/or a subunit vaccine that protein of the invention and/or a
live attenuated vaccine and/or a killed vaccine.

According to some embodiments of the invention, methods
of inducing an immune response in individuals against an
immunogen comprise administering to the individual the
Influenza strain HSN1 M2E-NP protein and functional frag-
ments thereof or expressible coding sequences thereof in
combination with an isolated nucleic acid molecule that
encodes protein of the invention and/or a recombinant vac-
cine that encodes protein of the invention and/or a subunit
vaccine that protein of the invention and/or a live attenuated
vaccine and/or a killed vaccine.
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Vaccines

The invention provides improved vaccines by providing
proteins and genetic constructs that encode proteins with
epitopes that make them particularly effective as immuno-
gens against which immune responses can be induced.
Accordingly, vaccines can be provided to induce a therapeutic
or prophylactic immune response. In some embodiments, the
means to deliver the immunogen is a DNA vaccine, a recom-
binant vaccine, a protein subunit vaccine, a composition com-
prising the immunogen, an attenuated vaccine or a killed
vaccine. In some embodiments, the vaccine comprises a com-
bination selected from the groups consisting of: one or more
DNA vaccines, one or more recombinant vaccines, one or
more protein subunit vaccines, one or more compositions
comprising the immunogen, one or more attenuated vaccines
and one or more killed vaccines.

According to some embodiments of the invention, a vac-
cine according to the invention is delivered to an individual to
modulate the activity of the individual’s immune system and
thereby enhance the immune response. When a nucleic acid
molecules that encodes the protein is taken up by cells of the
individual the nucleotide sequence is expressed in the cells
and the protein are thereby delivered to the individual.
Aspects of the invention provide methods of delivering the
coding sequences of the protein on nucleic acid molecule
such as plasmid, as part of recombinant vaccines and as part
of attenuated vaccines, as isolated proteins or proteins part of
a vector.

According to some aspects of the present invention, com-
positions and methods are provided which prophylactically
and/or therapeutically immunize an individual

DNA vaccines are described in U.S. Pat. Nos. 5,593,972,
5,739,118, 5,817,637, 5,830,876, 5,962.428, 5,981,505,
5,580,859, 5,703,055, 5,676,594, and the priority applica-
tions cited therein, which are each incorporated herein by
reference. In addition to the delivery protocols described in
those applications, alternative methods of delivering DNA
are described in U.S. Pat. Nos. 4,945,050 and 5,036,006,
which are both incorporated herein by reference.

The present invention relates to improved attenuated live
vaccines, improved killed vaccines and improved vaccines
that use recombinant vectors to deliver foreign genes that
encode antigens and well as subunit and glycoprotein vac-
cines. Examples of attenuated live vaccines, those using
recombinant vectors to deliver foreign antigens, subunit vac-
cines and glycoprotein vaccines are described in U.S. Pat.
Nos. 4,510,245;4,797,368; 4,722,848, 4,790,987; 4,920,209;

5,017,487, 5,077,044; 5,110,587; 5,112,749; 5,174,993;
5,223,424 5,225336; 5,240,703; 5,242,829, 5,294,441,
5,204,548; 5,310,668; 5,387,744; 5,389,368; 5,424,065,
5451,499; 5,453364; 5,462,734; 5,470,734; 5,474,935,
5.482,713; 5,591,439; 5,643,579; 5,650,309; 5,698,202;

5,955,088, 6,034,298; 6,042,836; 6,156,319 and 6,589,529,
which are each incorporated herein by reference.

When taken up by a cell, the genetic construct(s) may
remain present in the cell as a functioning extrachromosomal
molecule and/or integrate into the cell’s chromosomal DNA.
DNA may be introduced into cells where it remains as sepa-
rate genetic material in the form of a plasmid or plasmids.
Alternatively, linear DNA that can integrate into the chromo-
some may be introduced into the cell. When introducing DNA
into the cell, reagents that promote DNA integration into
chromosomes may be added. DNA sequences that are useful
to promote integration may also be included in the DNA
molecule. Alternatively, RNA may be administered to the
cell. Itis also contemplated to provide the genetic construct as
a linear minichromosome including a centromere, telomeres
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and an origin of replication. Gene constructs may remain part
of the genetic material in attenuated live microorganisms or
recombinant microbial vectors which live in cells. Gene con-
structs may be part of genomes of recombinant viral vaccines
where the genetic material either integrates into the chromo-
some of the cell or remains extrachromosomal. Genetic con-
structs include regulatory elements necessary for gene
expression of a nucleic acid molecule. The elements include:
a promoter, an initiation codon, a stop codon, and a polyade-
nylation signal. In addition, enhancers are often required for
gene expression of the sequence that encodes the target pro-
tein or the immunomodulating protein. It is necessary that
these elements be operable linked to the sequence that
encodes the desired proteins and that the regulatory elements
are operably in the individual to whom they are administered.

Initiation codons and stop codon are generally considered
to be part of a nucleotide sequence that encodes the desired
protein. However, it is necessary that these elements are func-
tional in the individual to whom the gene construct is admin-
istered. The initiation and termination codons must be in
frame with the coding sequence.

Promoters and polyadenylation signals used must be func-
tional within the cells of the individual.

Examples of promoters useful to practice the present
invention, especially in the production of a genetic vaccine
for humans, include but are not limited to promoters from
Simian Virus 40 (SV40), Mouse Mammary Tumor Virus
(MMTV) promoter, Human Immunodeficiency Virus (MV)
such as the BIV Long Terminal Repeat (LTR) promoter,
Moloney virus, ALV, Cytomegalovirus (CMV) such as the
CMYV immediate early promoter, Epstein Barr Virus (EBV),
Rous Sarcoma Virus (RSV) as well as promoters from human
genes such as human Actin, human Myosin, human Hemo-
globin, human muscle creatine and human metalothionein.

Examples of polyadenylation signals useful to practice the
present invention, especially in the production of a genetic
vaccine for humans, include but are not limited to SV40
polyadenylation signals and LTR polyadenylation signals. In
particular, the SV40 polyadenylation signal that is in pCEP4
plasmid (Invitrogen, San Diego Calif.), referred to as the
SV40 polyadenylation signal, is used.

In addition to the regulatory elements required for DNA
expression, other elements may also be included in the DNA
molecule. Such additional elements include enhancers. The
enhancer may be selected from the group including but not
limited to: human Actin, human Myosin, human Hemoglo-
bin, human muscle creatine and viral enhancers such as those
from CMV, RSV and EBV.

Genetic constructs can be provided with mammalian origin
of replication in order to maintain the construct extrachromo-
somally and produce multiple copies of the construct in the
cell. Plasmids pVAX1, pCEP4 and pREP4 from Invitrogen
(San Diego, Calif.) contain the Epstein Barr virus origin of
replication and nuclear antigen EBNA-1 coding region which
produces high copy episomal replication without integration.

In some preferred embodiments related to immunization
applications, nucleic acid molecule(s) are delivered which
include nucleotide sequences that encode protein of the
invention, and, additionally, genes for proteins which further
enhance the immune response against such target proteins.
Examples of such genes are those which encode other cytok-
ines and lymphokines such as alpha-interferon, gamma-inter-
feron, platelet derived growth factor (PDGF), TNFa, TNFp,
GM-CSF, epidermal growth factor (EGF), 1L-1, 1L.-2, 1L-4,
IL-5, 1IL-6, IL-10, IL-12, 1L-18, MHC, CD80, CD86 and
IL-15 including I1.-15 having the signal sequence deleted and
optionally including the signal peptide from IgE. Other genes
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which may be useful include those encoding: MCP-1, MIP-
la, MIP-1p, IL-8, RANTES, L-selectin, P-selectin, E-selec-
tin, CD34, GlyCAM-1, MadCAM-1, LFA-1, VLA-1, Mac-1,
p150.95, PECAM, ICAM-1, ICAM-2, ICAM-3, CD2, LFA-
3, M-CSF, G-CSF, IL-4, mutant forms of IL-18, CD40,
CD40L, vascular growth factor, I1.-7, nerve growth factor,
vascular endothelial growth factor, Fas, TNF receptor, Flt,
Apo-1, p55, WSL-1, DR3, TRAMP, Apo-3, AIR, LARD,
NGREF, DR4, DR5, KILLER, TRAIL-R2, TRICK2, DR6,
Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel,
MyD88, IRAK, TRAF6, IkB, Inactive NIK, SAP K, SAP-1,
INK, interferon response genes, NFkB, Bax, TRAIL,
TRAILrec, TRAILrecDRC5, TRAIL-R3, TRAIL-R4,
RANK, RANK LIGAND, Ox40, Ox40 LIGAND, NKG2D,
MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E,
NKG2F, TAP1, TAP2 and functional fragments thereof

An additional element may be added which serves as a
target for cell destruction if it is desirable to eliminate cells
receiving the genetic construct for any reason. A herpes thy-
midine kinase (tk) gene in an expressible form can be
included in the genetic construct. The drug gangcyclovir can
be administered to the individual and that drug will cause the
selective killing of any cell producing tk, thus, providing the
means for the selective destruction of cells with the genetic
construct.

In order to maximize protein production, regulatory
sequences may be selected which are well suited for gene
expression in the cells the construct is administered into.
Moreover, codons may be selected which are most efficiently
transcribed in the cell. One having ordinary skill in the art can
produce DNA constructs that are functional in the cells.

In some embodiments, gene constructs may be provided in
which the coding sequences for the proteins described herein
are linked to IgE signal peptide. In some embodiments, pro-
teins described herein are linked to IgE signal peptide.

In some embodiments for which protein is used, for
example, one having ordinary skill in the art can, using well
known techniques, produce and isolate proteins of the inven-
tion using well known techniques. In some embodiments for
which protein is used, for example, one having ordinary skill
in the art can, using well known techniques, inserts DNA
molecules that encode a protein of the invention into a com-
mercially available expression vector for use in well known
expression systems. For example, the commercially available
plasmid pSE420 (Invitrogen. San Diego, Calif.) may be used
for production of protein in E. coli. The commercially avail-
able plasmid pYES2 (Invitrogen, San Diego, Calif.) may, for
example, be used for production in S. cerevisiae strains of
yeast. The commercially available MAXBAC™ complete
baculovirus expression system (Invitrogen, San Diego,
Calif.) may, for example, be used for production in insect
cells. The commercially available plasmid pcDNA 1 or
pcDNA3 (Invitrogen, San Diego, Calif.) may, for example, be
used for production in mammalian cells such as Chinese
Hamster Ovary cells. One having ordinary skill in the art can
use these commercial expression vectors and systems or oth-
ers to produce protein by routine techniques and readily avail-
able starting materials. (See e.g., Sambrook et al., Molecular
Cloning a Laboratory Manual, Second Ed. Cold Spring Har-
bor Press (1989) which is incorporated herein by reference.)
Thus, the desired proteins can be prepared in both prokaryotic
and eukaryotic systems, resulting in a spectrum of processed
forms of the protein.

One having ordinary skill in the art may use other commer-
cially available expression vectors and systems or produce
vectors using well known methods and readily available start-
ing materials. Expression systems containing the requisite
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control sequences, such as promoters and polyadenylation
signals, and preferably enhancers are readily available and
known in the art for a variety of hosts. See e.g., Sambrook et
al., Molecular Cloning a Laboratory Manual, Second Ed.
Cold Spring Harbor Press (1989). Genetic constructs include
the protein coding sequence operably linked to a promoter
that is functional in the cell line into which the constructs are
transfected. Examples of constitutive promoters include pro-
moters from cytomegalovirus or SV40. Examples of induc-
ible promoters include mouse mammary leukemia virus or
metallothionein promoters. Those having ordinary skill in the
art can readily produce genetic constructs useful for trans-
fecting with cells with DNA that encodes protein of the inven-
tion from readily available starting materials. The expression
vector including the DNA that encodes the protein is used to
transform the compatible host which is then cultured and
maintained under conditions wherein expression of the for-
eign DNA takes place.

The protein produced is recovered from the culture, either
by lysing the cells or from the culture medium as appropriate
and known to those in the art. One having ordinary skill in the
art can, using well known techniques, isolate protein that is
produced using such expression systems. The methods of
puritying protein from natural sources using antibodies
which specifically bind to a specific protein as described
above may be equally applied to purifying protein produced
by recombinant DNA methodology.

In addition to producing proteins by recombinant tech-
niques, automated peptide synthesizers may also be
employed to produce isolated, essentially pure protein. Such
techniques are well known to those having ordinary skill in
the art and are useful if derivatives which have substitutions
not provided for in DNA-encoded protein production.

The nucleic acid molecules may be delivered using any of
several well known technologies including DNA injection
(also referred to as DNA vaccination), recombinant vectors
such as recombinant adenovirus, recombinant adenovirus
associated virus and recombinant vaccinia.

Routes of administration include, but are not limited to,
intramuscular, intransally, intraperitoneal, intradermal, sub-
cutaneous, intravenous, intraarterially, intraoccularly and
oral as well as topically, transdermally, by inhalation or sup-
pository or to mucosal tissue such as by lavage to vaginal,
rectal, urethral, buccal and sublingual tissue. Preferred routes
of administration include intramuscular, intraperitoneal,
intradermal and subcutaneous injection. Genetic constructs
may be administered by means including, but not limited to,
traditional syringes, needleless injection devices, or “micro-
projectile bombardment gone guns”.

In some embodiments, the nucleic acid molecule is deliv-
ered to the cells in conjunction with administration of a poly-
nucleotide function enhancer or a genetic vaccine facilitator
agent. Polynucleotide function enhancers are described in
U.S. Pat. Nos. 5,593,972, 5,962,428 and International Appli-
cation Serial Number PCT/US94/00899 filed Jan. 26, 1994,
which are each incorporated herein by reference. Genetic
vaccine facilitator agents are described in US. Serial Number
021,579 filed Apr. 1, 1994, which is incorporated herein by
reference. The co-agents that are administered in conjunction
with nucleic acid molecules may be administered as a mixture
with the nucleic acid molecule or administered separately
simultaneously, before or after administration of nucleic acid
molecules. In addition, other agents which may function
transfecting agents and/or replicating agents and/or inflam-
matory agents and which may be co-administered witha GVF
include growth factors, cytokines and lymphokines such as
a-interferon, gamma-interferon, GM-CSF, platelet derived
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growth factor (PDGF), TNF, epidermal growth factor (EGF),
1L-1, IL-2, IL-4, IL-6, 1L-10, IL-12 and IL-15 as well as
fibroblast growth factor, surface active agents such as
immune-stimulating complexes (ISCOMS), Freunds incom-
plete adjuvant, LPS analog including monophosphoryl Lipid
A (WL), muramyl peptides, quinone analogs and vesicles
such as squalene and squalene, and hyaluronic acid may also
be used administered in conjunction with the genetic con-
struct In some embodiments, an immunomodulating protein
may beused as a GVF. In some embodiments, the nucleic acid
molecule is provided in association with PL.G to enhance
delivery/uptake.

The pharmaceutical compositions according to the present
invention comprise about 1 nanogram to about 2000 micro-
grams of DNA. In some preferred embodiments, pharmaceu-
tical compositions according to the present invention com-
prise about 5 nanogram to about 1000 micrograms of DNA. In
some preferred embodiments, the pharmaceutical composi-
tions contain about 10 nanograms to about 800 micrograms of
DNA. In some preferred embodiments, the pharmaceutical
compositions contain about 0.1 to about 500 micrograms of
DNA. In some preferred embodiments, the pharmaceutical
compositions contain about 1 to about 350 micrograms of
DNA. In some preferred embodiments, the pharmaceutical
compositions contain about 25 to about 250 micrograms of
DNA. In some preferred embodiments, the pharmaceutical
compositions contain about 100 to about 200 microgram
DNA.

The pharmaceutical compositions according to the present
invention are formulated according to the mode of adminis-
tration to be used. In cases where pharmaceutical composi-
tions are injectable pharmaceutical compositions, they are
sterile, pyrogen free and particulate free. An isotonic formu-
lation is preferably used. Generally, additives for isotonicity
can include sodium chloride, dextrose, mannitol, sorbitol and
lactose. In some cases, isotonic solutions such as phosphate
buffered saline are preferred. Stabilizers include gelatin and
albumin. In some embodiments, a vasoconstriction agent is
added to the formulation.

According to some embodiments of the invention, methods
of'inducing immune responses are provided. The vaccine may
be a protein based, live attenuated vaccine, a cell vaccine, a
recombinant vaccine or a nucleic acid or DNA vaccine. In
some embodiments, methods of inducing an immune
response in individuals against an immunogen, including
methods of inducing mucosal immune responses, comprise
administering to the individual one or more of CTACK pro-
tein, TECK protein, MEC protein and functional fragments
thereof or expressible coding sequences thereof in combina-
tion with an isolated nucleic acid molecule that encodes pro-
tein of the invention and/or a recombinant vaccine that
encodes protein of the invention and/or a subunit vaccine that
protein of the invention and/or a live attenuated vaccine and/
or a killed vaccine. The one or more of CTACK protein,
TECK protein, MEC protein and functional fragments
thereof may be administered prior to, simultaneously with or
after administration of the isolated nucleic acid molecule that
encodes an immunogen; and/or recombinant vaccine that
encodes an immunogen and/or subunit vaccine that com-
prises an immunogen and/or live attenuated vaccine and/or
killed vaccine. In some embodiments, an isolated nucleic acid
molecule that encodes one or more proteins of selected from
the group consisting of CTACK, TECK, MEC and functional
fragments thereof is administered to the individual.
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EXAMPLES

Example 1
Materials and Methods

HIV-1 subtype B envelope sequences. To generate HIV-1
subtype B consensus envelope sequence, forty-two subtype B
envelope gene sequences collected from eleven countries
were selected from GenBank to avoid sampling bias. Each
sequence represents a different patient. All sequences used
are non-recombinant.

Multiple alignment. The alignment procedure applied in
the phylogenetic study included the application of Clustal X
(version 1.81) (Thompson, J. D., et al. 1997. The ClustalX
windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucleic Acids
Research 25:4876-4882). Pairwise alignment parameters
were set to the dynamic “slow-accurate” programming, using
10 as the gap opening penalty and 0.1 as the gap extension
penalty. Multiple alignment parameters included a gap exten-
sion penalty equal to 0.2.

Construction of HIV-1 subtype B envelope consensus
sequence. The HIV-1 subtype B envelope consensus nucle-
otide sequence was obtained after performing multiple align-
ment and minor final manual adjustment. Deduced amino
acid sequences were used to guide the introduction of align-
ment gaps so that they were inserted between codons. The
consensus amino acid sequence was obtained by translating
the consensus nucleotide sequence.

Phylogenetic tree. The neighbor-joining (NJ) method was
employed for amino acid phylogenetic tree-building using
the program PAUP*4.0b10 (Swofford, D. L. 1999.
PAUP*4.0: phylogenetic analysis using parsimony (* and
other methods), version 4.0b2a. Sinauer Associates, Inc.,
Sunderland, Mass.). Two additional sequences from subtype
D (K03454 and AAA44873) and two sequences from subtype
C(AADI12103 and AAD12112) were used as an outgroup for
rooting (Kuiken, C., B. T. Korber, and R. W. Shafer. 2003.
HIV sequence databases. AIDS Rev. 5:52-61).

Modifications of HIV-1 subtype B envelope consensus
sequence. Several modifications were performed after obtain-
ing HIV-1 subtype B consensus envelope sequence: highly
variable V1 and V2 regions were shortened, V3 loop was
designed for CCRS utilization, the cytoplasmic tail region
was removed from the C-terminal, a leader sequence and an
upstream Kozak sequence were added to the N-terminal,
codon optimization and RNA optimization was performed by
using GeneOptimizer™ (GENEART, Germany).

Envelope Immunogens. The gene encoding modified
HIV-1 subtype B early transmitter consensus envelope gly-
coprotein (EY2E1-B) was synthesized and sequence verified
by GENEART. The synthesized EY2E1-B was digested with
BamHI and Notl, cloned into the expression vector pVAX
(Invitrogen) under the control of the cytomegalovirus imme-
diate-early promoter and this construct was named as
pEY2E1-B.

The primary subtype B immunogen (EK2P-B) was gener-
ated from a human codon biased, primary subtype B isolate
6101 gp140 envelope gene that was a gift of M. Sidhm (Wy-
eth). Basically, the optimized 6101 envelope gene was
mutated by removing the native leader sequence and cyto-
plasmic tail. Then the IgE-leader sequence and Kozak
sequence were introduced by designing forward and reverse
specific-primers: Env-F: GTCGCTCCGCTAGCT-
TGTGGGTCACAGTCTATTATGGGGTACC-3' (SEQ ID
NO:13) Env-R: 5'-GGTCGGATCCTTACTCCAC-
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CACTCTCCTTTTTGCC-3' (SEQ ID NO:14). The purified
PCR product was cloned into pVAX plasmid vector, which
was also linearized with EcoR1 and Xbal. This construct was
named as pEK2P-B.

In vivo Expression and Reactivity of EY2E1-B with
Monoclonal Antibodies. Human rhabdomyosarcoma (RD)
cells (2x106) were transfected in 60 mm dishes with 3 (g of
pEY2E1-B and pEK2P-B plasmids using EUGENE 6 Trans-
fection Reagent (Roche, Germany), respectively. Forty-eight
hours after transfection, cells were washed three times with
1xPBS and lysed in 150 pl of lysis buffer (Cell Signaling
Technology). The total protein lysates (50 pg) were frac-
tioned on a SDS-PAGE gel, transferred to a PVDF membrane
(Amersham). Immunoblot analyses were performed with an
envelope-specific monoclonal antibody 2G12 (NIH AIDS
Research and Reference Reagent Program, Rockville, Md.,
USA) and a monoclonal anti-actin antibody (Sigma-Aldrich)
and visualized with HRP-conjugated goat anti-human IgG
(Sigma-Aldrich) using an ECL.TM Western blot analysis sys-
tem (Amersham). Actin was used as a loading control for
Western Blot,

To detect the reactivity of EY2E1-B with monoclonal anti-
bodies, the total protein lysates from transfection (100 pg)
were immunoprecipitated with 5 ug envelope-specific mono-
clonal antibodies including 2G12, 4G10 and ID6 (NIH AIDS
Research and Reference Reagent Program, Rockville, Md.
USA). The same amount of total protein lysates from cells
transfected with empty vector pVAX was used as a negative
control. The immunoprecipitated proteins were Tractioned
on a SDS-PAGE get and detected by Western Blotting
described as above.

Indirect Immunofluorescent Assay. An indirect immunot-
luorescent assay for confirming the expression of EY2E1-B
and EK2P-B genes was performed. Human rhabdomyosar-
coma (RD) cells were plated in tissue culture chambered
slides (BD Biosciences), at a density to obtain 60-70% con-
fluency the next day in complete DIEM medium with 10%
FBS (GIBCO) and allow to adhere overnight. The next day
cells were transfected with pEY2E1-B, pEK2P-B and the
control plasmid pVAX (1 pg/well) using FuGENE 6 Trans-
fection Reagent (Roche) according to the manufacturer’s
instructions. Forty-eight hours after transfection, the cells
were washed twice with cold 1xPBS and fixed on slides using
methanol for 15 min. Upon removal of the residual solvents
from the slides, the cells were incubated with anti-mouse
HIV-1 env monoclonal F105 (NIH AIDS Research and Ret-
erence Reagent Program, Rockville, Md., USA) for 90 min.
The slides were then incubated with TRITC-conjugated sec-
ondary antibody (Sigma-Aldrich) for 45 min. 4', 6-Diamido-
2-phenylindole hydrochloride (Sigma-Aldrich) was added to
the solution of secondary antibody to counter stain nuclei to
show the nuclei of the total number of cells available in the
given field. The slides were mounted with mounting medium
containing antifading reagent (Molecular Probes). The
images were analyzed using the Phase 3 Pro program for
fluorescent microscopy (Media Cybernetics).

Envelope-specific Antibody determination The measure-
ment of IgG antibodies specific for Envelope was performed
by ELISA (enzyme linked immunosorbent assay) in both
immunized and control mice. Nunc-Immuno™ Plates (Nalge
Nunc International, Rochester, N.Y.) were coated with 1
ng/ml of clade B recombinant HIV-1 IIIB glycoprotein
soluble gp160 (Immuno Diagnostics, MA), clade A/E pri-
mary envelope protein HIV-1 93TH975 gp120 and clade C
primary envelope protein HIV-196ZM651 gp120 (NIH AIDS
Research and Reference Reagent Program, Rockville, Md.,
USA), respectively, and incubated overnight at mom tem-
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perature. After washing, plates were blocked with 3% BSA in
PBST (1xPBS+0.05% Tween-20) for 1 h at 37° C. Then
plates were washed again and incubated with the specific
mouse sera, diluted with 3% BSA in PBST overnight at 4° C.,
followed by incubation with a ¥10,000 dilution of HRP-conju-
gated goat anti-mouse IgG (Jackson ImmunoResearch, West
Grove, Pa.) for 1 hat 37° C. The reaction was developed with
the substrate TMB (3, 3[0, 5, 50-tetramethylbenzidine)
(Sigma-Aldrich). Reaction was stopped with 100 pl of 2.5M
sulfuric acid per well and the plates were read on the EL.808
plate reader (Biotech Instrument Inc.) at OD of 450 nm.

Immunization of Mice Female 4-6-week-old BALB/c
mice were purchased from The Jackson Laboratory, Bar Har-
bor, Me. The breeding pairs of transgenic B6.Cg-Tg (HLA-
A/H2-D)2Enge/] mice were purchased from the Jackson
Laboratory and bred by Dr. Michelle Kutzler in our lab. These
transgenic mice express an interspecies hybrid class I MHC
gene, AAD, which contains the alpha-1 and alpha-2 domains
of the human HLA-A2.1 gene and the alpha-3 transmem-
brane and cytoplasmic domains of the mouse H-2Dd gene,
under the direction of the human HLA-A2.1 promoter. The
mouse alpha-3 domain expression enhances the immune
response in this system. Compared to unmodified HLA-A2.1,
the chimeric HLA-A2.1/H2-Dd MHC Class I molecule medi-
ated efficient positive selection of mouse T cells to provide a
more complete T cell repertoire capable of recognizing pep-
tides presented by HLLA-A2.1 Class I molecules. The peptide
epitopes presented and recognized by mouse T cells in the
context of the HLA-A2.1 Class I molecule are the same as
those presented in HLLA-A2.1+ humans. The female 4-6-
week-old transgenic mice were used for further study
described below. Their care was in accordance with the guide-
lines of the National Institutes of Health and the University of
Pennsylvania Institutional Care and Use Committee
(IACUC). Each mouse was immunized intramuscularly with
three times, each of 100 pg of DNA at biweekly intervals.
There are three mice in each group and the control group was
vaccinated with pVAX DNA. Mice were sacrificed one week
after the third immunization and the spleens were removed
aseptically. The spleen cells were collected and resuspended
in RBC lysis buffer to remove erythrocytes. After lysis, the
splenocytes from the same group were pooled and resus-
pended in RPMI 1640 medium with 10% FBS. Cells were
counted and prepared for analysis,

IFN-y ELISpot Assay. High-Protein Binding IP 96 well
Multiscreen™ plates (Millipore, Bedford, Mass., USA) were
used. Plates were coated with mAb to mouse IFN-y (R&D
Systems, Minneapolis, Minn.) diluted in 1xPBS, overnight at
4° C. Plates were washed three times with PBS and then
blocked for 2 h at room temperature with 1xPBS supple-
mented with 1% BSA and 5% sucrose. Mice Splenocytes
were added in triplicates at an input cell number of 2x10° cells
per well resuspended in complete culture medium (RPMI
1640 supplemented with 10% FBS and antibiotics). Six sets
of peptides each containing 15 amino acid residues overlap-
ping by 11 amino acids representing the entire protein con-
sensus sequences of HIV-1 subtype B, subtype C, group M
and the entire protein sequences of HIV-1 MN (a subtype B
isolate), HIV-1 C.UY.01.TRA3011 and C.ZA.01.J54Ma (two
subtype C isolates) envelope were obtained from NIH AIDS
Research and Reference Reagent Program. Each set of env
peptides were pooled at a concentration of 2 pg/ml/peptide
into 4 pools as antigens for specific stimulation of the IFN-y
release. Concavalin A (Sigma-Aldrich, St. Louis, Mo.), at 5
g/ml, and complete culture medium were used as positive and
negative control, respectively. Plates were washed four times
after a 24 h incubation at 37° C., in a 5% CO, atmosphere
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incubator. Then, a biotinilated anti-mouse IFN-y detection
antibody was added, and plates were incubated overnight at
4° C. The plates were washed, and color development was
followed according to the manufacturer’s instructions
(ELISPOT Blue Color Module, R&D Systems, Minneapolis,
Minn.). Plates were air-dried and the spots were counted
using an automated ELISPOT reader system (CTL Analyz-
ers, Cleveland, Ohio) with the ImmunoSpot® software. The
average number of spot forming cells (SFC) was adjusted to
1x10° splenocytes for data display. The ELISpot assay was
repeated three times in three separate experiments.

CD8+ T-cell depletion study. CD8 lymphocytes were
depleted from splenocytes by using immune-magnetic beads
coated with antibody to CDS8 (Dynal Biotech Inc., Lake Suc-
cess, N.Y.) following manufacturer’s instructions. After
depletion of CD8+ T-cells, IFN-y ELiSpot assay was per-
formed as described above.

Epitope mapping study. In order to map the reactive
epitopes, two sets of peptides containing 15 amino acid resi-
dues overlapping by 11 amino acids representing the entire
envelope proteins of HIV-1 consensus subtype B and HIV-1
MN were pooled into 29 pools of 14-15 peptides/per pool,
respectively, and IFN-y ELISpot assay was performed as
described above. These different sets of 29 pooled stimulators
were used in a matrix assay which facilitates epitope map-
ping.

Statistical Analysis. Student paired t-test was used for com-
parison of the cellular immune response between mice immu-
nized with pEY2E1-B and pEK2P-B. In this study, p<0.05
has been considered statistically significant.

Results

Construction and design of a novel subtype B early trans-
mitter consensus-based envelope gene. The consensus
sequence of HIV-1 subtype B was generated from 42 subtype
B sequences retrieved from GenBank. As summarized in FIG.
1, several modifications were carried out after generating the
consensus sequence. Briefly, to produce a CCR5-tropic ver-
sion of HIV-1 envelope that mimicked mucosally transmitted
viruses, six important amino acids in the V3 loop were
designed according to the sequences of early transmitter iso-
lates. Further, ten amino acids in V1 loop and one amino acid
in V2 loop was also deleted from the consensus sequence. A
highly efficient leader sequence was fused in frame upstream
of'the start codon to facilitate the expression. The transmem-
brane domain was kept intact to facilitate surface expression
and the cleavage site was kept intact to obtain proper folding
and host proteinase cleavage of the envelope protein. The
cytoplasmic tail was removed to prevent envelope recycling
and to promote more stable and higher surface expression
(Berlioz-Torrent, C., et al, 1999. Interactions of the cytoplas-
mic domains of human and simian retroviral transmembrane
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al. 2001. Identification of two sequences in the cytoplasmic
tail of the human immunodeficiency virus type 1 envelope
glycoprotein that inhibit cell surface expression. J. Virol.
75:5263-5276). Furthermore, in order to have a higher level
of'expression, the codon usage of this gene was adapted to the
codon bias of Homo Sapiens genes (Andre, S., etal. B. 1998.
Increased immune response elicited by DNA vaccination
with a synthetic gp120 sequence with optimized codon usage.
JVirol 72:1497-503; Deml, L., et al. 2001. Multiple effects of
codon usage optimization on expression and immunogenicity
of DNA candidate vaccines encoding the human immunode-
ficiency virus type 1 gag protein. J. Virol. 75:10991-11001).
In addition, RNA optimization (Schneider, R., et al. 1997.
Inactivation of the human immunodeficiency virus type 1
inhibitory elements allows Rev-independent expression of
Gag and Gag/protease and particle formation. J. Virol.
71:4892-4903) was also performed: regions of very high
(>80%) or very low (<30%) GC content and the cis-acting
sequence motifs such as internal TATA boxes, chi-sites and
ribosomal entry sites were avoided. The synthetic engineered
EY2E1-B gene was constructed and was 2734 bp in length.
The EY2E1-B gene was subcloned into pVAX at the BamHI
and Notl sites for further study.

Phylogenetic analysis. To assess the distribution of the
distance from a randomly sampled envelope subtype B
sequence to the EY2E1-B sequence, a phylogenetic analysis
was performed. As shown in FIG. 2, there was an observed
relative closeness of the EY2E1-B sequence to all sampled
sequences. The EY2E1-B sequence, when compared with the
primary isolate EK2P-B sequence, has comparable distribu-
tions of similarity scores (Table 1). The average percent simi-
larity score for EY2E1-B was 85.7%, while it was 79.4% for
EK2P-B.

TABLE 1
Table 1. The average and range of percent similarity
scores between potential envelope vaccine candidates
and an alignment of subtype B envelope sequences.
Average percent similarity Range of percent similarity
scores scores
EY2E1-B 85.7 92.1-79.6
EK2P-B 79.4 86.3-73.9
In Vivo Expression and Antigenic Determination of

EY2E1-B. In order to test the in vivo expression of
pEY2E1-B and pEK2P-B, RD cells were transfected with
these plasmids as described in Materials and Methods sec-
tion. Total proteins were extracted from cell lysates after
transfection and immunoblotted with the envelope-specific
monoclonal antibody 2G12 mentioned in Materials and
Methods section to detect the expression of pPEY2E1-B. West-
ern blot results indicated that these two constructs expressed
envelope protein (FIG. 3A). The envelope protein detected
was about 120 KD. Table 2 shows a comparison of pEY2E1-B
and pEK2P-B.

TABLE 2
Consensus/  Early Codon- RNA- Cytoplasmic
Primary transmitter optimized optimized IgELS tail
EY2E1-B  Consensus Yes Yes Yes Yes No
EK2P-B  Primary No Yes Yes Yes No
65

proteins with components of the clathrin adaptor complexes
modulate intracellular and cell surface expression of enve-
lope glycoproteins. J. Virol. 73:1350-1359; Bultmann, A, et

To determine the antigenic epitopes, the expressed enve-
lope proteins from the RD cell lysates were immunoprecipi-
tated with three different gp120-specific antibodies 2G12,
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4G10 and ID6. Following the immunoprecipitation, Western
Blotting was performed to detect the immunoprecipitated
proteins. Our results showed that the synthetic immunogen
could bind to antibodies 2G12 and ID6, but not 4G10. Since
antibody 2G12 neutralizes a broad variety of primary isolates
and reacts with a conformational and carbohydrate-depen-
dent gp120 epitope, and antibody ID6 binds to gp120 and
gpl60 and is directed against the first 204 aa of gp120, our
results suggested that the synthetic engineered immunogen
EY2E1-B might be able to fold into a relatively native con-
formation and preserve some native antigenic epitopes. Fur-
thermore, since the antibody 4G 10 is a HIV-1 LAI/BRU V3
monoclonal antibody that recognizes LAI gp160, a T-cell line
adapted strain, our data also suggested that this synthetic
envelope would not utilize the coreceptor CXCR4.

To further confirm the expression and determine the anti-
genic epitopes, an indirect immunofluorescent assay was per-
formed using transfected RD cells. High specific expression
was observed under fluorescent microscope in the pEY2E1-B
and pEK2P-B transfected cells. The HIV-1 env monoclonal
F105 that reacts with a discontinuous, or conformational,
gp120 epitope was used in the assay. As indicated in FIG. 3B,
the transfected cells expressing Env proteins showed the typi-
cal rhodamine fluorescence, again suggesting the synthetic
protein expressed and had a relatively native conformation.
As a control, the expression was not detected in pVAX trans-
fected RD cells.

Induction of humoral response. To determine whether the
synthetic immunogen could elicit higher-titer envelope-spe-
cific antibody response, sera were collected from BalB/C
mice immunized pVAX, pEY2E1-B and pEK2P-B and
ELISA was performed. As shown in FIG. 4A, we observed
the relatively higher level of clade B envelope-specific anti-
body responses with sera collected from pEY2E1-B immu-
nized mice compared to these in pEK2P-B immunized mice.
In contract, the vector alone mice didn’t develop specific
antibody responses. However, there were not any detectable
antibody responses against clade A/E and clade C proteins in
both pEY2E1-B and pEK2P-B injected mice (FIGS. 4B and
4C), indicating that although the synthetic consensus-based
immunogen has a relatively native conformation and preserve
native antigenic epitopes, it may not be able to induce broad
cross-clade antibody immune responses.

Strong and broad cellular immune responses measured by
ELISpot. The BalB/C mice were immunized with pEY2E1-B
and pEK2P-B and ELISpot analysis was performed to deter-
mine the number of antigen-specific IFN-y secreting cells in
response to four pools of peptides from HIV-1 consensus
subtype B protein (FIG. 5A). The magnitude of the response
as measured by the number of spot forming units (SFU) per
million cells ranged from 27.5 to 520 in pEY2E1-B vacci-
nated mice. In comparison, splenocytes from pEK2P-B vac-
cinated mice only showed the range of spots from 2 to 237.5
(p<0.05). The additive frequency of SFU/per million spleno-
cytes for all four pools in pEY2E1-B immunized mice was
1976.25+260, while the number of SFU/per million cells in
pEK2P-B immunized mice was 519+45. Cells from mice
immunized with pVAX vector were used as a negative con-
trol, showing only 60+5 SFU/per million splenocytes for
consensus envelope B peptides pools (p<0.05). We observed
similar results in three separate studies. Therefore, the
pEY2E1-B construct is up to four times more potent in driv-
ing cell-mediated immune responses. We also determined
whether CD8+ lymphocytes were responsible for the IFN-y
secretion detected in BalB/C mice immunized with pEY2E1-
B. As shown in FIG. 5B, the number of SFU/per million cells
was reduced to 127.5+11 after CD8+ depletion, indicating
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that there was about 90% of decrease in the frequencies of
IFN-y producing cells observed by CD8+ T-cell depleted
ELISpot. The IFN-y production induced by pEY2E1-B is
mediated mainly by CD8+ T-cells.

In addition, in order to model human T cell immune
responses to HLLA-A2 presented antigens and identify those
antigens, we performed the same ELISpot assay mentioned
above using transgenic HLA-A2.1/H2-Dd mice. As shown in
FIG. 5C, the additive frequency of SFU/per million spleno-
cytes for all four pools in pEY2E1-B immunized transgenic
mice was 2362+257, while the number of SFU/per million
cells in pEK2P-B immunized transgenic mice was only 493+
57. These results indicated that the pEY2E1-B construct is up
to four times more potent in driving cell-mediated immune
responses in the transgenic mice. The ELISpot data after CD8
depletion suggested that the IFN-y production induced by
pEY2E1-B is primarily mediated by CD8+ T-cells (FIG. 5D).

Moreover, we were interested in further detailing the cel-
Iular immune responses that were observed in the ELISpot
assay. Accordingly, an additional set of ELISpot assay was
performed against libraries of peptides spanning the consen-
sus subtype B envelope protein. A complete set of 15-mer
peptides overlapped by 11 amino acids, which comprise the
subtype B consensus envelope protein, was used to perform
this mapping study. The study illustrated that there was no
clear dominant epitope induced by the synthetic envelope.
However, IFN-y ELISpot analysis of splenocytes derived
from the pEY2E1-B-vaccinated BalB/C mice revealed that
there were 18 pools out of 29 pools showing more than 50
spots, while there were only 6 pools in pEK2P-B vaccinated
BalB/C mice (FIG. 5E). These results illustrated that there is
a significant increase in the breadth and magnitude of cellular
immune responses induced by the EY2E1-B immunogen.

Strong cross-reactive cellular immune responses induced
by pEY2E1-B. To determine whether the EY2E1-B immu-
nogen could induce broad and cross-reactive cellular immune
responses, [FN-y ELISpot was performed both in BalB/C and
HLLA-A2 transgenic mice using HIV-1 group M, consensus
subtype C, HIV-1 MN (subtype B isolate), HIV-1
C.UY.01.TRA3011 and C.ZA.01.J54Ma (two subtype C iso-
lates) envelope peptides. These assays will further determine
if the results observed in FIGS. 5A, C and E alone are related
to the peptide targets or actually due to the increase in
immune breadth. As shown in FIG. 6A, the additive number
of SFU/per million splenocytes against four pools of HIV-1
MN envelope peptides in pEY2E 1-B vaccinated BalB/C
mice was 1855+215.8, which was about two times more than
those in pEK2P-B immunized BalB/C mice (SFU/per million
splenocytes was 700+168.2), indicating that pEY2E1-B had
stronger cross reactivity than pEK2P-B within subtype B.
The numbers of IFN-y spots in response to stimulation with
four HIV group M (FIG. 6B) and subtype C (FIG. 6C) con-
sensus envelope peptides pools in pEY2E1-B immunized
BalB/C mice were 1150+191.3 and 715+116.1, respectively.
Compared to the numbers of spots against group M and
subtype C peptides which were 635+152.3 and 345482.3 in
pE.K2P-B vaccinated BalB/C mice, these data illustrate that
the cross-clade immune responses elicited by pEY2E1-B is
approximately 45% stronger than those induced by pEK2P-B
in BalB/C mice.

Importantly, we observed much stronger cross reactive
cellular immune responses induced by pEY2E1-B in trans-
genic mice (FIG. 6F-J). The additive number of SFU/per
million splenocytes against four pools of HIV-1 MN envelope
peptides in pEY2E1-B vaccinated transgenic mice was 1087+
153, which was about three times more than those in
pEK2P-B immunized HLA-A2 mice (SFU/per million sple-
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nocytes was 316+63) (FIG. 6F), indicating that pEY2E1-B
could also elicit stronger cross reactivity than pEK2P-B
within subtype B in transgenic mice. The numbers of I[FN-y
spots in response to stimulation with four HIV group M (FIG.
6G) and subtype C (FIG. 6H) consensus envelope peptides
pools in pEY2E1-B immunized transgenic mice were 2116+
216 and 893+154, respectively. Compared to the numbers of
spots against group M and subtype C peptides which were
473+50 and 266+55 in pEK2P-B vaccinated transgenic mice,
these data indicated that the cross-clade immune responses
elicited by pEY2E1-B is about three to four times stronger
than those induced by pEK2P-B in transgenic mice. More-
over, two subtype C isolate peptide sets that should serve as a
stringent control for evaluating breadth and cross-reactivity
achieved by other peptide sets were used to further determine
the cross-clade C immune responses. Although there were not
too many differences of cross reactivity against these two
subtype C isolate sets elicited by pEY2E1-B and pEK2P-B in
BalB/C mice (FIGS. 6D and E), the cross-clade reactivity
against these two subtype C isolate sets induced by
pEY2E1-B is about three times stronger than those induced
by pEK2P-B (FIGS. 61 and J). The numbers of spots against
C.ZA.01.J54Ma and C.UY.01.TRA3011 peptides were
10804206 and 890+150 in pEY2E1-B vaccinated transgenic
mice, while the numbers were only 305438 and 310+62 in
pEK2P-B vaccinated transgenic mice.

Finally, we determined whether there was also an increase
in the breadth of cross-reactive cellular immune responses
against subtype specific targets induced by the EY2E1-B
immunogen by detailing the cellular immune responses
against HIV-1 MN observed above both in BalB/C and HL A-
A2 transgenic mice. An epitope mapping assay was per-
formed against the library of peptides spanning the subtype B
MN envelope protein. The results suggested that there was no
clear dominant epitope induced by the synthetic envelope in
both mouse strains. However, IFN-y ELISpot analysis of
splenocytes derived from the pEY2E1-B-vaccinated BalB/C
mice revealed that there were 14 pools out of 29 pools show-
ing more than 50 spots, while there were only 9 pools in
pEK2P-B vaccinated BalB/C mice (FIG. 7A). Similarly, in
transgenic mice, there were 18 pools out 0f 29 pools showing
more than 50 spots in pEY2E1-B immunized transgenic
mice, while there were only 6 pools in pEK2P-B vaccinated
transgenic mice (FIG. 7B). These data indicated that there is
a significant increase in the breadth and magnitude of cross
reactive cellular immune responses induced by the EY2E1-B
immunogen both in BalB/C and HLA-A2 transgenic mice.
Discussion

Worldwide HIV-1 DNA vaccine efforts have been guided
by the principle that HIV-specific T-cell responses may pro-
vide some contribution to protection from infection or control
of replication post-infection. DNA vaccines can impact viral
replication although in general they are not as potent in
immune induction as attenuated live viral vectors (Almond,
N., et al. 1995. Protection by attenuated simian immunodefi-
ciency virus in macaques against challenge with virus-in-
fected cells. Lancet 345:1342-1344; Berman, P. W., et al.
1996. Protection of MN-rgpl120-immunized chimpanzees
from heterologous infection with a primary isolate of human
immunodeficiency virus type 1. J Infect Dis 173:52-9; Boyer,
J., et al. 1997. Protection of chimpanzees from high-dose
heterologous HIV-1 challenge by DNA vaccination. Nat Med
3:526-532; Daniel, M. C., et al. 1992. Protective effects of a
live attenuated SIV vaccine with a deletion in the nef gene.
Science 258:1938-1941). Strategies aimed at improving the
breadth and magnitude of the cellular immune responses are
therefore important. The present invention provides a novel

10

15

20

25

30

35

40

45

50

55

60

65

52

antigen using several features of immunogens that have been
reported in the literature as separate approaches, but have not
been previously assembled together in one vaccine modality.
As proof of concept, a synthetic engineered consensus-based
envelope immunogen was developed and compared with an
optimized primary sequence immunogen for induction of
cell-mediated immune responses. Expression data showed
that this engineered new envelope gene could be efficiently
expressed in mammalian cell lines although the expression
levels of these two immunogens were very similar (FIG. 3A).
We observed in the immunogenicity studies that the cellular
immune responses induced by this functional immunogen
exhibited increased diversity and magnitude compared to the
primary envelope vaccine. Epitope mapping data obtained in
both BalB/C and HLLA-A2 transgenic mice demonstrated that
this diversity and magnitude improvement was maintained
across these haplotypes. To further confirm this finding, we
also developed a consensus-based subtype C envelope immu-
nogen and compared it with a primary subtype C immunogen,
again the synthetic consensus-based subtype C envelope
immunogen exhibited enhanced diversity and magnitude of
cellular immune responses compared to the primary C immu-
nogen (unpublished data).

From the point of view of vaccine design strategy,
sequence homology between the vaccine candidate and the
infecting or challenging virus may be an important consider-
ation. An effective approach to minimize the degree of
sequence dissimilarity between a vaccine strain and contem-
porary circulating viruses is to create artificial sequences that
are “central” to these viruses. One strategy to design such a
sequence is to use a consensus sequence derived from the
most common amino acid in every position in an alignment.
In this study, we developed a consensus-based subtype B
envelope vaccine and thought this synthetic immunogen
would have higher cross reactivity. Our results did show that
there was a diversity of cellular immune responses induced by
the pEY2E1-B vaccine. Peptide mapping results in both
Balb/c and transgenic mice as well indicated that the
EY2E1-B immunogen broadened the immune responses.
Moreover, the results of cross-reactive cellular immune
responses study indicated that pEY2E1-B could elicit signifi-
cantly stronger and broader cross-reactive cellular immune
responses. Therefore, the artificial consensus envelope
immunogens contain more conserved epitopes than found in
any individual natural isolate and they induce broader cross-
clade CTL responses.

A consensus sequence theoretically has advantages and
disadvantages. Since a consensus sequence is generated
based on contemporary isolates, it may be genetically closer
to current circulating viral strains than any given natural virus
isolate. However, since global sequencing is generally con-
ducted with viruses sampled during chronic infections
instead of viruses sampled during acute infection, developing
a consensus vaccine response on epitopes that for the most
part have escaped may be a disadvantage. To minimize this
disadvantage, one useful strategy for vaccine design would be
to take early transmitter sequences into account. Envelope
proteins are among the most difficult HIV proteins to con-
struct artificially because the hypervariable regions in HIV-1
envelope gene evolve by rapid insertion and deletion and not
by point mutation. The difference of hypervariable regions in
length makes it hard to generate the consensus sequences of
these regions. Recently, Gao et al. (Gao, F., E et al. 2005.
Antigenicity and immunogenicity of a synthetic human
immunodeficiency virus type I group m consensus envelope
glycoprotein. J Virol 79:1154-63) generated a group M con-
sensus envelope sequence, however, the nonconsensus
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sequences from corresponding regions of a CRFO8 BC
recombinant strain were used in these variable regions. Stud-
ies have indicated that subtype C viruses encoding envelope
glycoproteins with shorter V1, V2 and V4 regions are trans-
mitted in recipients with a frequency significantly greater
than would be expected by chance. The subtype A envelope
sequences from early infection also had significant shorter V1
and V2 loop sequences and fewer potential N-linked glyco-
sylation sites (Chohan, B., D. et al. 2005. Selection for
Human Immunodeficiency Virus Type 1 envelope glycosyla-
tion variants with shorter V1-V2 loop sequences occurs dur-
ing transmission of certain genetic subtypes and may impact
viral RNA levels. J. Virol. 79:6528-6531). In contrast,
recently transmitted subtype B variants didn’t have shorter
V1 and V2 loops. However, it may be important to note the
subtype B infection cases were primarily the result of homo-
sexual transmission or drug injection use. Moreover, studies
have suggested that a possible functional consequence of
having a compact V1, V2 region is to increase exposure of the
CD4 binding domain, and then to enhance susceptibility to
neutralization (Edwards, T. G., et al. 2001. Relationships
between CD4 independence, neutralization sensitivity, and
exposure of a CD4-induced epitope in a Human Immunode-
ficiency Virus type 1 envelope protein. J. Virol. 75:5230-
5239; Kolchinsky, P., et al. 2001. Increased neutralization
sensitivity of CD4-independent Human Immunodeficiency
Virus variants. J. Virol. 75:2041-2050; Pickora, C., et al.
2005. Identification of two N-linked glycosylation sites
within the core of the Simian Immunodeficiency virus glyco-
protein whose removal enhances sensitivity to soluble CD4.
J. Virol. 79:12575-12583; Puffer, B. A, et al. 2002. CD4
independent of Simian Immunodeficiency Virus Envs is asso-
ciated with macrophage tropism, neutralization sensitivity,
and attenuated pathogenicity. J. Virol. 76:2595-2605). We
shortened the V1 and V2 regions when we generated the
subtype B consensus sequence.

The early phase of HIV-1 infection is dominated by non-
syncytium-inducing (NSI) viruses, which replicate slowly
and use CCRS as their main coreceptor. Syncytium-inducing
(SI) viruses, which emerge in about 50% of infected individu-
als preceding an accelerated CD4 cell decline and progressive
clinical course of infection, use CXCR4 as the main corecep-
tor. A differential coreceptor usage of HIV variants has been
demonstrated for all subtypes. Subtype C viruses appear to be
different from most other subtypes because an underrepre-
sentation of CXCR4 using HIV variants in subtype C has
frequently been reported. Therefore, CCRS utilization should
be a very crucial consideration for a vaccine design. Previous
reports showed that the V3 region of gp120 plays an impor-
tant role in coreceptor utilization. Six residues in V3 loop has
been identified to be critical for CCRS interaction: argin-
ine307, lysine314, isoleucine316, arginine322, phenylala-
nine324 and alanine337. However, based on the sequences of
subtype C early transmitters, the residue at position 322
should be glutamine instead of arginine. In summary, based
on the previous studies showing residues important for CCR5
utilization and the sequences of early transmitters, we
designed the subtype B consensus envelope immunogen that
could drive immune responses that may in theory target
CCRS coreceptor

To maximize potential cross-reactivity, a HIV-1 group M
consensus envelope sequence has been created. However, itis
possible that subtype-specific envelope consensus vaccines
may represent a compromise for the overall sequence simi-
larity of the vaccine antigen relative to circulating viruses at
least at the level of cellular immune responses. Studies have
shown that there were high rates of selection identified in
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different regions of subtype B and C envelope proteins. This
may be caused by different immune pressure on different
regions of the envelope protein in subtype B and C. Therefore,
there may be advantages in using a subtype-specific envelope
vaccine, as the immune responses to the vaccine and the
circulating virus would share antigenic domains. More
experiments comparing group M and subtype-specific enve-
lope vaccines are needed to further clarify this issue.

Another important concern about using a consensus
sequence is that its sequence may associate polymorphisms in
combinations not found in any natural virus, thus potentially
resulting in improper protein conformations. Previous studies
has indicated that a group M consensus immunogen could
fold into native conformation, preserve envelope antigenic
epitopes and elicit weak neutralizing antibody response.
Based on the facts that the synthetic protein could bind to
antibodies 2G12, ID6 and F105, we think that the pEY2E1-B
may have somewhat native structural confirmations. Impor-
tantly, our data also demonstrated that EY2E1-B immunogen
could induce a higher-titer subtype B envelope-specific anti-
body, indicating this synthetic immunogen may preserve
more Class II epitopes as well. More studies in this area will
be important.

With the generation of new HIV-1 vaccine strategies, there
is also an increasing demand to predict the efficacy of these
vaccines in human using preclinical models. In our study,
HLA-A2 transgenic mice were used to study the cellular
immune responses elicited by the synthetic immunogen.
Studies have shown that this transgenic strain is an important
preclinical model for design and testing of vaccines for infec-
tious diseases involving optimal stimulation of human CD8+
cytolytic T cells. In this model the results indicated that
EY2E1-B could elicit much broader and stronger cellular
immune responses compared to EK2P-B, suggesting that this
new vaccine may have more potential to induce HLA-A2-
restricted cellular responses. Further study of this immuno-
gen in non-human primates are being planned.

Taken together, our results suggest that EY2E1-B could
serve as an immunogen that increases both the magnitude and
breadth of CTL responses as a DNA vaccine cassette. In more
general terms, this construct may be useful in other platforms
for induction of stronger and broader cellular immune
responses against HIV strains in non-DNA vector
approaches.

Example 2

Development of a Novel Engineered HIV-1 Clade C
Envelope DNA Vaccine that Enhances Diversity and
Breadth of the Elicited Cellular Immune Response

Strong HIV-1 specific CTL responses have an important
role in managing viral load during acute and asymptomatic
infection. However, recent studies on consensus immunogens
have not been able to noticeably demonstrate improved cel-
Iular immune responses. Here we test a novel engineered
Clade C consensus-based envelope immunogen for improved
cellular immune response. The novel vaccine (pEY3E1-C)
was created from the HIV-1 Clade C consensus envelope
sequence. Several modifications were performed including
shortening the highly variable V1 and V2 regions based on
early transmitter sequence, retention ofthe V3 loop for CCR5
utilization, removal of the cytoplasmic tail region from the
C-terminus to prevent envelope recycling, and retention of the
cleavage site and TMD for proper folding. Also, an IgE leader
sequence was added to the N-terminus. This consensus DNA
vaccine was also RNA optimized and codon optimized. The
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cellular immune response was studied in BalB/C mice via
ELiSpot and epitope mapping assays. When studied as a
DNA vaccine, compared to pEK3P-C (derived from a pri-
mary isolate of Clade C env), our construct (pEY3E1-C) was
more effective at driving a cellular immune response.
PEY3E1-C elicited a cellular immune response greater in
magnitude than pEK3P-C when stimulated by Consensus
Clade C peptides. Additionally, the consensus immunogen
elicited an increase in the magnitude of the cellular immune
response when stimulated by two other sets of primary isolate
peptides also from Clade C. In addition to augmented mag-
nitude, enhanced breadth of the CTL response was supported
by the pEY3E1-C’s ability to induce at least 15 out of 29
strongly reactive peptide pools (having more than 50 spots/
per million splenocytes), white pEK3P-C only induced 3 out
of 29 pools and 9 out of 29 pools with strong reactivity in
response to two primary isolate peptide sets, which were
selected for their uniqueness and ability to serve as a stringent
control for evaluating breadth. Furthermore, pEY3E1-C elic-
ited a stronger Cross-Clade cellular immune response when
stimulated with Clade B peptides. The consensus immunogen
pEY3E1-C enhances both the magnitude and breadth of CTL
responses as a DNA vaccine cassette, suggesting that the
potential for consensus immunogens to serve as a component
antigen in a HIV vaccine cocktail merits further examination.

With wide genetic diversity, rapid mutation, and recombi-
nation of the existing strains, the difficulty of generating an
effective vaccine is tremendous. A candidate DNA vaccine
derived from an individual isolate may not be able to elicit the
cross-reactivity necessary for protection against the diverse
circulating strains of HIV-1.

Additionally, it has been reported that DNA vaccines
expressing the HIV-1 envelope glycoprotein are not very
immunogenic.

We have used a multiphase strategy to increase the potency
of'the CTL response elicited by the DNA vaccine to possibly
provide protection against circulating strains of the virus.

Recent studies have shown that a consensus immunogen
may overcome the diversity obstacle created by the rapidly
evolving HIV-1 virus.

Derdeyn et al. found that a shorter V1-V4 region is char-
acteristic of early transmitting subtype C virus and our con-
struct has been designed to carry this feature which might be
useful in producing a immune response resulting from early
transmitted viruses.

Furthermore, the expression levels of our DNA vaccine
have been enhanced by codon optimization, RNA optimiza-
tion, and the addition of an immunoglobulin leader sequence.

HIV-1 specific CTL responses have been shown to be
important in controlling viral load during acute and asymp-
tomatic infection and the development of AIDS, thus the
following data focuses on the CTL responses elicited by our
novel immunogen.

FIG. 13 depicts the immunogen design for development of
a novel engineered HIV-1 clade C Envelope DNA Vaccine
that enhances diversity and breadth of the elicited cellular
immune responses.

FIG. 14 shows phylogenetic Relationships: Thirty-Six
HIV-1 subtype C envelope sequences, EY3E1-C, EK3P-C,
two subtype B, one subtype A and one subtype D sequences
(outgroup) were included in the phylogenetic analysis. The
subtype C envelope sequences representing a broad sample of
diversity were from 12 countries.

Table 3 shows the average and range of percent similarity
scores between potential envelope vaccine candidates and an
alignment of subtype C envelope sequences.
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TABLE 3
Range
Average % Similarity Scores  of % Similarity Scores
pEY3E1-C 85.3 82.7-93.1
pEK3P-C 87.4 83.6-90.2

Three groups of three Balb/C mice were immunized with
100 pug of DNA 3 times with two weeks between immuniza-
tions. On the seventh week, spleens were harvested for cel-
lular studies.

As shown in FIG. 15 (FIG. 15A and FIG. 15B), strong
cellular response elicited by pEY3E1-C.

FIG. 16 shows strong and broad cellular responses elicited
by pEY3E 1-C. When stimulated with 29 pools of Consensus
C env peptides: pEY3E1-C vaccinated mice elicited more
than 50 spots/million splenocytes from 23 pools; pEK3P-C
vaccinated mice elicited more than 50 spots/million spleno-
cytes from 2 pools.

FIG. 17 FIG. (17A through 17D) show strong cross-reac-
tive cellular responses elicited by pEY3E1-C within the same
clade.

FIG. 18 (FIG. 18A and 18B) show strong and broad cross-
reactive cellular responses elicited by pEY3E1-C. FIG. 18A
shows data from subtype C (Uruguay) env-Specific IFN-y
ELISpot. When stimulated with 29 pools of Clade C (Uru-
guay) env peptides: pEY3E1-C vaccinated mice elicited more
than 50 spots/million splenocytes from 12 pools; pEK3P-C
vaccinated mice elicited more than 50 spots/million spleno-
cytes from 3 pools. FIG. 18B shows data from Subtype C (S.
Africa) env-Specific IFN-y ELISpot. When stimulated with
29 pools of Clade C (S. Africa) env peptides: pEY3E1-C
vaccinated mice elicited more than 50 spots/million spleno-
cytes from 13 pools; pEK3P-C vaccinated mice elicited more
than 50 spots/million splenocytes from 5 pools.

FIG. 19 (FIG. 19A through 19F) show strong cross-reac-
tive cellular responses elicited by pEY3E1-C between clades.

There is a significant increase in the breath and magnitude
of cellular immune responses induced by the EOC immuno-
gen. Broader cross-clade reactivity appears as an additional
benefit of this immunogen.

Example 3

Efficacy of a Novel Engineered HPV-16 DNA
Vaccine Encoding a E6/E7 Fusion Protein

The immunogen has been designed to be expressed as a
polyprotein whereby E6 and E7 sequences are separated by a
proteolytic cleavage site. The polyprotein is also expressed
with an IgE leader sequence. The polyprotein design includes
deletions or mutations in the E6 sequence which are impor-
tant for p53 binding and degradation and mutations in Rb
binding site on the E7 protein. FIG. 23 provides an illustration
of the immunogen design.

Coding sequences encoding the polyprotein were inserted
into the vector pVAX to produce plasmid pl667 FIG. 24
shows maps of pVax and p1667.

TC1 tumor cells were immortalized with HPV-16 E7 and
transformed with the c-Ha-ras oncogene. These cells express
low levels of E7 and are very tumorigenic.

In the immunogenicity study in mice, 3 mice/per group of
C57BL6 mice were administered 100 pg DNA/per mouse.
Groups included 1) control which were administered pVAX-
control vector and 2) test which were administered p1667.
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Mice were vaccinated on days 0, 14 and 28. On day 35, mice
were sacrificed and ELISPOT was performed (Focus on
CMD).

The data for cellular immune responses induced by the
DNA Immunogen p1667 is shown on FIG. 25. HPV16 con-
sensus E6 and E7 peptides (37, 15-mers overlapping by 9 aa)
were used in two pools—pool 1: 18 peptides; pool 2: 19
peptides. FIG. 25A and FIG. 25C show data from total sple-
nocytes. FIG. 25B and 25D show data from samples with
CDS depletion.

FIG. 26 shows results of immunodominant epitope map-
ping. Two sequences are noted.

In prophylactic experiments in mice, 5 mice/per group of
C57BL6 mice were administered 100 pg DNA/per mouse.
Groups included 1) naive (PBS injected), 2) control which
were administered pVAX-control vector and 3) test which
were administered pl667. Mice were vaccinated on days 0,
14 and 28. On day 35, mice were challenged with TC-1 cells
and thereafter tumor size measurements were made. Results
are shown in FIG. 27. Data from a group in which TL-15
construct was co-administered is also shown.

In tumor regression experiments in mice, 5 mice/per group
of C57BL6 mice were administered 100 ug DNA/per mouse.
Groups included 1) naive (PBS injected), 2) control which
were administered pVAX-control vector and 3) test which
were administered p1667. Mice were challenged with 5x104
TC-1 cells at Day 0. Mice were administered DNA vaccine on
days 3, 10 and 17. Tumors were measured starting at day 8.
Results are shown in FIG. 28. Data from a group in which
IL-15 construct was co-administered is also shown.

The level of E7 Tetramer positive lymphocytes in spleens
was determined. FIG. 29 shows the data as the percent E7
Tetramer positive lymphocytes. DNA vaccine p1667 induces
the activation of E7-specific CD8+ T cells that are CD62L.°
within spleens.

The level of E7 Tetramer positive lymphocytes in tumors
was determined. FIG. 30 shows the data as the percent E7
Tetramer positive lymphocytes. DNA vaccine p1667 induces
the activation of E7-specific CD8+ T cells that are CD62L.°
within tumors

A E6/E7 DNA Vaccine protection study in transgenic mice
was undertaken. A comparison was made among naive,
pVAX, pl667, P1667+1L.-15 and E7/HisB. Data is shown in
FIG. 31. p1667 and p1667 1L-15 protected completely.

The data presented herein support the following conclu-
sions. The p1667 construct induces a strong cellular immune
response capable of inducing E7-specific CD8+ lymphocytes
that mediate the elevated IFN-g responses. We have identified
both dominant and novel sub-dominant HPV-16 epitopes
against which antigen-specific CTL are generated after
administration of the DNA construct. The p1667 construct is
capable of preventing tumor growth and causing the regres-
sion of tumors in both C57/BL6 and transgenic mice. DNA
vaccine p1667 shows great potential for a novel therapeutic
strategy to target microscopic HPV-associated cancer.

Example 4

Nucleic acid sequences encoding HIV Env consensus
sequences may be administered as DNA vaccines in combi-
nation with nucleic acid sequences encoding various other
HIV proteins such as Gag, Pol, Gag/Pol, Nef, Vif, and Vpr
using for example electroporation technology for intramus-
cular or intradermal delivery. Multivalent/polyvalent HIV
vaccine constructs may provide enhanced immune responsed
and be particularly useful. In some embodiments, I[.-12 cod-
ing sequences are additional provided. U.S. Patent applica-
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tion publication number 20070106062, which is incorporated
herein by reference, discloses an HIV Vif DNA vaccine. U.S.
Patent application publication number 20040106100, which
is incorporated herein by reference, discloses HIV vaccines
comprising HIV accessory proteins as well as the sequences
of such proteins which may be used to prepare additional
vaccine constructs. U.S. Pat. Nos. 6,468,982, 5,817,637, and
5,593,972, which are incorporated herein be reference dis-
close DNA vaccines including HIV gag, HIV pol and HIV
gag/pol constructs. Electroporation is described in U.S. Pat.
No. 7,245,963, which is incorporated by reference. PCT
application PCT/US97119502, which is incorporated herein
be reference, discloses 1L.-12 constructs. U.S. Application
Publication No. 20070041941 which is incorporated herein
be reference, discloses constructs encoding IL.-15.

Example 5

Two groups of macaques were IM immunized three times
with optimized plasmid gag and env constructs with or with-
out plasmid I[.-12. The same immunization strategy was used
for two additional groups but the plasmids were delivered
with or without in vivo electroporation.

Cellular responses were determined by IFNy ELISpot after
each immunization and five months later for memory
responses. Throughout the study humoral responses were
evaluated by recombinant p24 and gp160 ELISA. The prolit-
erative capacity of antigen-specific T cells were determined
by CFSE staining. Intracellular cytokine staining was done to
further characterize the functional characteristics of the
induced T-cell response.

Plasmid 1L-12 enhanced cellular responses to our opti-
mized constructs. However the use of electroporation to
enhance the delivery of plasmids was able to improve both the
cellular and humoral response compared to IM immunization
with plasmid I[.-12. The combination of plasmid I[.-12 and
electroporation resulted in the best immune responses, both
primary and memory, as measured by a variety of parameters.

Optimized DNA constructs encoding HIV gag and env in
rhesus macaques in the presence or absence of plasmid IL.-12
as a DNA adjuvant was compared. IL.-12 could substantially
increase T cell responses 5-fold in a quantitative ELISpot
format resulting in substantially better memory T cell
responses. However, EP delivered DNA was more efficient at
generating T cell responses and memory that were 2-fold
higher compared to the I[.-12 IM adjuvanted DNA vaccine.
The best responses were observed in the combination arm of
EP+IL-12 adjuvant. Memory responses in this arm were
10-fold higher than the IM DNA alone and almost 2-fold
higher than EP alone. We also observed 4-fold better immune
expansion by CFSE in the EP+I[-12 arm compared to EP
alone. The presence of polyfunctional T cells also suggested
that the DNA+cytokine+EP arm is most effective.

Materials and Methods

Animals:

Rhesus macaques (Macaca mulatta) were housed at BIO-
QUAL, Inc. (Rockville, Md.), in accordance with the stan-
dards of the American Association for Accreditation of Labo-
ratory Animal Care. Animals were allowed to acclimate for at
least 30 days in quarantine prior to any experimentation.
Immunization:

Five rhesus macaques were immunized at weeks 0, 4, and
11 with 1.0 mg of pGagdY and pEY2E 1-B. The DNA ateach
immunization time point was delivered into two injection
sites, one in each quadriceps muscle. Three of the macaques
were electroporated following IM injection. Another group of
five macaques were immunized at weeks 0, 4, and 8 with 1.0
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mg of pGagdy, pEY2E1-B, and WLV104. Of the five ani-
mals, two animals received the immunization by IM injection
and three animals were electroporated following IM injec-
tion. All electroporation procedures were performed using
the constant current Cellectra™ device (VGX Immune
Therapeutics Division of VGX Pharmaceuticals, The Wood-
lands, Tex.). Electroporation conditions were 0.5 Amps, 3
pulses, 52 msec pulse length with 1 sec between pulses. This
software-controlled device was designed to measure the tis-
sue resistance immediately prior to plasmid delivery and gen-
eration of constant current square wave pulses, eliminating
the risk of delivery outside the muscle tissue and potential
plasmid loss.

Blood Collection:

Animals were bled every two weeks for the duration of the
study. 10 mL of blood were collected in EDTA tubes. PBMCs
were isolated by standard Ficoll-hypaque centrifugation and
then resuspended in complete culture medium (RPMI 1640
with 2 mM/L. L-glutamine supplemented with 10% heat-
inactivated fetal bovine serum, 100 IU/mL penicillin, 100
png/ml. streptomycin, and 55 pM/L f-mercaptoethanol.)
RBCs were lysed with ACK lysis buffer (Cambrex Bio Sci-
ence, East Rutherford, N.J.).

Plasmids and Plasmid Products:

Gag4Y contains an expression cassette encoding for a con-
sensus sequence of the gag protein of HIV clades A, B, C, and
D with several modifications including: the addition of a
kozak sequence, a substituted IgE leader sequence, codon and
RNA optimization for expression in mammalian cells (SEQ
ID NO: 11 discloses HIV Gag consensus sequence.). The
GagdY gene was subcloned into the expression vector, pVax,
for further study. pEY-2E1-B contains an expression cassette
encoding for a consensus sequence of the envelope of HIV
clade B. (SEQ ID NO:3 discloses HIV Env consensus
sequence.) WLV104M is a plasmid encoding a rhesus 1[.-12
gene. Plasmids were produced at Aldevron (Fargo, N. Dak.),
and re-formulated at VGX Immune Therapeutics (The Wood-
lands, Tex.), in sterile water for injection with low molecular
weight 0.1% poly-L-glutamate sodium salt

CFSE of Cryo-Preserved PBMCs

Cryo-preserved PBMCs were quick-thawed in a 37° C.
water bath and washed with complete media. Cells were
incubated overnight ina 37° C. incubator and cell counts were
obtained the following day. Cells were pelleted and resus-
pended in 1 ml CFDA SE (Molecular Probes, Eugene, Oreg.)
in PBS (1:2000 dilution). Cells were incubated at 37° C. for
10 min. Cells were washed with complete media and resus-
pended to a concentration of 1x10° cells/100 ul and plated in
96 well round bottom plates with 100 ul of 2 pg/ml recombi-
nant HIV-1 p24 or gpl120 (ImmunoDiagnostics, Woburn,
Mass.) plus peptide pools. 5 ng/ml Concavalin A (positive)
and complete media (negative) were used as controls. Cul-
tures were incubated for 5 days. Cells were first stained with
Vivid dye violet, a live/dead cell marker, for 15 min on ice.
Cells were washed once with PBS. Cells were then stained
using anti-human CD3-PE (clone SP34-2) (BD Pharmingen)
and anti-human CD4-PerCP (clone [.200), anti-human CD8-
APC (SK1) for 1 hour at 4° C. Cells were then washed twice
with PBS and fixed with 1% paraformaldehyde. Data was
collected using a LSRII flow cytometer (BD Biosciences,
Franklin Lakes, N.J.). Flow cytometry data was analyzed
using FlowJo software (Tree Star, Ashland, Oreg.), gating on
CD3* lymphocytes. Thirty to fifty thousand CD3* lympho-
cytes were collected per sample.

Enzyme Linked Immunosorbant Assay (ELISA):

Ninety-six well plates were coated overnight with 100

ng/well of recombinant HIV-1 1IIB p24 or gp120 (Immuno-
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Diagnostics) to determine HIV gag and env responses respec-
tively. Plates coated with 100 ng/well of bovine serum albu-
min served as a negative control. Plates were blocked with 3%
BSA-PBST for 1 hour at 37° C. Plates were then incubated
with four-fold serial serum dilutions for 1 hour at 37° C. Goat
anti-monkey IgG horseradish peroxidase conjugated anti-
body was then added at a 1:10,000 dilution (MP Biomedicals,
Aurora, Ohio) to the plates and incubated for 1 hour at 37° C.
Tetramethylbenzidine (R&D systems, Minneapolis, Minn.)
was used to develop the plates and reactions were stopped
with 2N H,SO,. Optical densities (OD) were then measured.

IgG end-point titers were defined as the reciprocal serum
dilution that resulted in OD values that were greater than
twice the average OD value of the BSA wells.

Enzyme Linked Immunospot Assay (ELISpot)

Antigen specific responses were determined by subtracting
the number of spots in the negative control wells from the
wells containing peptides. Results are shown as the mean
value (spots/million splenocytes) obtained for triplicate
wells.

1. Intracellular Cytokine Staining
Antibody Reagents

Directly conjugated antibodies were obtained from the
following: BD Biosciences (San Jose, Calif.): IL-2 (PE), CD3
(Pacific Blue), IFN-y (PE-Cy7), and TNF-a. (Alexa Fluor
700), CD8 (APC) and CD4 (PerCP).

Cell Stimulation and Staining

PBMCs were resuspended to 1x10° cells/100 ul in com-
plete RPMI and plated in 96 well plates with stimulating
peptides 100 ul of 1:200 dilutions. An unstimulated and posi-
tive control (Staphylococcus enterotoxin B, 1 ug/ml.; Sigma-
Aldrich) was included in each assay. Cells were incubated for
Shours at 37° C. Following incubation, the cells were washed
(PBS) and stained with surface antibodies. The cells were
washed and fixed using the Cytofix/Cytoperm kit (BD
PharMingen, San Diego, Calif.) according to instructions.
Following fixation, the cells were washed twice in the perm
buffer and stained with antibodies against intracellular mark-
ers. Following staining, the cells were washed, fixed (PBS
containing 1% paraformaldehyde), and stored at 4° C. until
analysis.

Flow Cytometry

Cells were analyzed on a modified LSR II flow cytometer
(BD Immunocytometry Systems, San Jose, Calif.). Fifty
thousand CD3+ events were collected per sample. Data
analysis was performed using FlowJo version 8.4.1 (TreeStar,
San Carlos, Calif.). Initial gating used a forward scatter area
(FSC-A) versus height (FSC-H) plot to remove doublets. The
events were subjected to a lymphocyte gate by a FSC-A
versus SSC plot. Following this, events are sequentially gated
on CD3*, CD8", and CD4" events versus IFN-y to account for
down-regulation. Following identification of CD8" T cells, a
gate was made for each respective function using combina-
tions that provided optimal separation. After the gates for
each function were created, we used the Boolean gate plat-
form to create the full array of possible combinations, equat-
ing to 8 response patterns when testing 3 functions. Data are
reported after background correction. Thresholds for positive
responses were 10 events or 0.05%.

Statistical Analysis

Data are analyzed using Prism Graphpad software, and is
expressed as means+SEM.

Results
ELISpot Analysis

the induction of the cellular immune response was evalu-
ated after each immunization by IFNy ELISpot. After a single
immunization (FIG. 1), the group receiving plasmid DNA by
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IM injection alone displayed weak cellular responses (74+29
SFU/10° PBMCs). Co-immunization with rhesus IL-12 plas-
mid resulted in a higher response (136x51.4 SFU/10°
PBMCs). The electroporated (EP) group had an average
response that was six times higher than the IM group
(482181 SFU/10° PBMCs). The combination of IL-12 co-
immunization with EP further doubled the number of IFNy-
producing cells (1030+494 SFU/10* PBMCs).

After two immunizations (FIG. 1), the IM and IM+IL-12
groups had a modest increase in ELISpot counts (104+67.9
SFU/10° PBMCs and 223£76.6 SFU/10° PBMCs, respec-
tively). EP group had responses that were almost four fold
higher (1924417 SFU/10° PBMCs) than the previous immu-
nization and the EP+IL.-12 group had again doubled the num-
ber of IFNy-producing cells (2819x872 SFU/10° PBMCs)
compared to the EP arm alone.

After the third immunization (FIG. 1), the number of anti-
gen specific cells in the EP group was more than a log higher
than that of the IM group (5300+3781 and 370+110 SFU/10°
PBMCs, respectively). The IM+IL.-12 group also had a dra-
matic increase in cellular responses with ELISpot counts that
were nearly a log higher than the previous immunization
(2042311 SFU/10° PBMCs). As with the other two immu-
nizations, the EP+1L-12 group was the most potent of all the
vaccination groups (7228+2227 SFU/10° PBMCs).
Induction of Cross-Reactive Envelope Responses

A successful HIV vaccine will require the induction of a
cross-reactive immune responses in this regard it was inter-
esting to see if EP+IL.-12 could improve the magnitude of
cross-reactivity to divergent peptide libraries. We compared
the cross-reactive CTL responses induced by the env antigen
using a peptide library from a consensus group M. Cross-
reactivity was observed in all groups. However the results
displayed the same magnitude differences observed in the
subtype B ELISpot analysis (FIG. 2). After 3 immunizations,
the IM group had the lowest response to the group M envelope
peptides (222+SEM SFU/10° PBMCs). The addition of 1L-12
doubled the response (540+SEM SFU/10° PBMCs). Higher
group M envelope responses were induced with EP
(830+£SEM SFU/10° PBMCs), which were further enhanced
with IL-12 co-injection (1238+SEM SFU/10° PBMCs).

1. Memory T Cell Responses

An important issue is to be able to improve the generation
of memory responses with the DNA platform. We performed
ELISpot analysis five months after the last DNA vaccination
(FIG. 3). In the IM groups, the addition of plasmid 1[.-12
resulted in nearly a 10-fold increase in memory cells
(751x11.1 and 78.6+16.9 SFU/10° PBMCs). It is clear that
1L-12 can positively impact this important T cell phenotype.
The number of antigen-specific IFNy producing cells was
substantial in the EP group as well, however the I1L.-12 adju-
vant EP resulted in the most robust memory response
(1231£523.5 and 3795+1336 SFU/10° PBMCs respectively),
aresponse showing that the combined technology drives very
strong T cell memory responses.

Humoral Immune Responses to DNA Vaccines

A weakness of IM DNA vaccine technology lies in its
inability to induce clear antibody responses in non-human
primates and in human clinical studies. We evaluated each
group’s ability to induce both HIV-1 gag and env specific
antibody titers to recombinant p24 and gp160 antigens in an
ELISA format. For both antigens, the IM and IM+IL-12
groups did not show significant antibody titers (<1:50 end-
point titer). The electroporated groups exhibited dramatically
higher gag antibody titers that were able to bind to recombi-
nant p24. Although both the EP and the EP+1L.-12 groups had
similar endpoint titers at week 12 (22,400 and 12,800 respec-
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tively), the EP+IL-12 group generated a more efficient anti-
body response. That response appeared earlier in the immu-
nization scheme and rose to the maximum level quickest. The
env antibody responses also reflected the results we observed
with the gag antigen, albeit with Lower endpoint titers.

CD4* and CD8" T Cell Proliferation

Having observed substantial ELISpot responses, we next
examined additional parameters of cellular immunity. We
examined the ability of gag specific CD4* and CD8" T cells to
proliferate in vitro following peptide stimulation among the
different immunization arms. Cryo-preserved samples, col-
lected two weeks after the final immunization, were stimu-
lated and analyzed by CFSE assay. The average CD4*
response increased similar to that observed in the ELISpot
assay. By comparison, the CD8 proliferation induction was
much more dramatic in magnitude. We observed that 11.-12
increased CD8™* T cell proliferation over IM alone and EP was
substantially higher. The EP+I1.-12 group had the highest
percentage of CD8* cells that were able to proliferate after in
vitro stimulation (2.51+SEM % and 4.88+SEM %, respec-
tively). Obvious CD8 T cell proliferation bands were
observed in the EP+1L.-12 arm, demonstrating the potent pro-
liferative potential of this combined immunization.

Polyfunctional CD8" T Cell Responses

Although we have clearly observed the induction of a
robust IFNy effector response following EP and I[.-12 co-
immunization, we wanted to further characterize the func-
tions of the antigen specific CD8" T cell responses in the
various arms. Samples taken three months following the final
immunization were stimulated with gag peptides and stained
for intracellular cytokine production of IFNy, TNFa and
IL-2. Out of all groups, only one animal in the IM+IL.-12 and
one animal in the EP only group had a detectable IFNy
response. However two out of the three animals in the EP+IL-
12 immunized group had gag-specific IFNy producing CD8*
T cells. The IM+IL-12 responder had a small percentage of
polyfunctional cells that stained for all three cytokines as well
as apopulation that had lost its ability to produce IL-2. The EP
responder had slightly higher polyfunctional responses that
were comprised of four different populations. The most dra-
matic response was seen in the second EP+IL.-12 animal.
More than 2% of its CD8* T cells were able to produce all
three cytokines and 2% were able to produce both IFNy and
TNFa. Clearly the number of animals in each group is low
and requires additional primate studies to confirm these
results, however collectively the trends observed appear clear
and encouraging.

Discussion

IL-12 as a DNA vaccine adjuvant improved ELISpot
responses several fold over plasmid alone. In addition prolif-
eration was clearly enhanced. The EP group exhibited a
higher average response than either IM group alone or the
IM+IL-12 arm exhibiting a combined ELISpot response that
was 3x higher than the IM+IL-12 group. The best ELISpot
responses were observed in the EP+IL-12 arm, which was
almost 4x over the IM+IL-12 arm 19xIM alone.

After each immunization the magnitude of the antigen-
specific response by IFNy ELISpot was determined. After a
single immunization all of the animals in the EP and EP+IL-
12 groups not only had detectable responses, they had aver-
ages that were higher than those seen in the IM group after
three immunizations. After two immunizations, IFNy
responses inthe EP and EP+IL-12 groups were comparable to
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responses that have been reported in studies using viral vec-
tors. Substantial memory responses were observed in the
IM+IL-12 and both EP groups five months after the last
immunization.

IM immunization, with or without 1L-12, did not resultin 5

a significant amount of antibody. Electroporation was able to
enhance the humor immune response as reported previously.
All ofthe animals in the electroporated groups seroconverted.

64
Although the EP and the EP+IL-12 groups had similar end-
point titers after three immunizations the kinetics of antibody
induction was slightly faster in the EP+IL.-12 group.

The proliferative capacity of CD8 T cells appeared to be
enhanced with EP and plasmid IL.-12. This data supports the
memory expansion observed in the ELISpot assay where
expansion of antigen specific T cell is likely a result of the
enhanced proliferative potential of the EP+I.-12 arm.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 44

<210> SEQ ID NO 1

<211> LENGTH: 2142

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Subtype A consensus Envelope DNA sequence

congtruct

<400> SEQUENCE: 1

ggatccatgg actggacctg gattctgtte ctggtggeeg cegecaccag agtgcacage 60
agagtgatgg gcatccageg gaattgccag cacctgtgga gatggggcac catgatcctg 120
ggcatgatca tcatctgete tgcegecgayg aacctgtggg tgaccgtgta ctacggegtg 180
cectgtgtgga aggacgecga gaccacccetg ttetgegeca gegacgccaa ggcectacgat 240
accgaagtge acaatgtgtg ggccacccac gectgegtge ctaccgatce caacccccag 300
gagatcaacc tggagaacgt gaccgaggayg ttcaacatgt ggaagaacaa catggtggag 360
cagatgcaca ccgacatcat cagectgtgg gaccagagec tgaagecttg cgtgaagetg 420
acccctetgt gegtgaccet gaactgcage aacgtgaacg tgaccaccaa catcatgaag 480
ggcgagatca agaactgcag cttcaacatyg accaccgagce tgcgggacaa gaagcagaaa 540
gtgtacagcce tgttctacaa gectggacgtyg gtgcagatca acaagagcaa cagcagcagce 600
cagtaccgge tgatcaactg caacaccagce gccatcaccce aggectgece caaagtgage 660
ttegagecca tecccatcca ctactgegee cctgecgget tegecatect gaagtgcaag 720
gacaaggagt ttaacggcac cggcccctge aagaatgtga gecaccgtgca gtgcacccac 780
ggcatcaage ccgtggtgtce cacccagetyg ctgctgaacg geagectgge cgaggaggaa 840
gtgatgatcc ggagcgagaa catcaccaac aacgccaaga acatcategt gcagetgace 900
aagccegtga agatcaattg cacccggece aacaacaaca cccggaagag catcagaate 960

ggcecctggee aggecttcecta cgccaccgge gacatcateg gegatatcag gcaggeccac 1020

tgcaatgtga gccggaccga gtggaacgag accctgcaga aagtggccaa gcagcetgegg 1080

aagtacttca acaacaagac catcatctte accaacagca geggcggcag actgagaate 1140

accacccaca gcttcaattg tggcggcgag ttettctact gcaataccte cggectgtte 1200

aacagcacct ggaacggcaa cggcaccaag aagaagaaca gcaccgagag caacgacace 1260

atcaccctgce cctgccggat caagcagatc atcaatatgt ggcagagggt gggccaggcce 1320

atgtacgccce ctcececcatcca gggcegtgate agatgcgaga gcaacatcac cggectgcetg 1380

ctgaccagag atggeggcega caacaacagce aagaacgaga ccttcagace tggeggegga 1440

gacatgaggg acaactggcg gagcgagctyg tacaagtaca aagtggtgaa gatcgagecce 1500

ctgggegtgyg cccccaccaa ggccaagaga agagtggtgg agcgggagaa gagagcetgtg 1560

ggcatcggeg ccgtgttect gggettectyg ggagecgeeg gaagcaccat gggageegec 1620

agcatcacce tgaccgtgea ggccagacag ctgctgageg geattgtgca gcagcagage 1680



65

US 9,290,546 B2

66

-continued
aacctgctga gagccatcga ggcccagcag cacctgctga agcetgacagt gtggggcate 1740
aaacagctge aggcccgegt getggeegtg gagagatace tgaaggacca gcagetgcetg 1800
ggcatctggyg gctgcagegg caagetgatce tgcaccacca acgtgccctg gaatagcage 1860
tggagcaaca agagccagag cgagatctgg gacaacatga cctggctgca gtgggacaag 1920
gagatcagca actacaccga tatcatctac aacctgatcg aggagagcca gaaccagcag 1980
gagaagaacg agcaggatct gctggccctg gacaagtggg ccaacctgtg gaactggtte 2040
gacatcagca actggctgtg gtacatcaag atcttcatca tgattgtggg cggcctgatc 2100
ggcctgagaa tegtgttcecge cgtgctgtcet gtgtgacteg ag 2142

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 709
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

const

RE:

ruct

<400> SEQUENCE: 2

Met Asp Trp
1

His Ser Arg
Trp Gly Thr
35

Asn Leu Trp
50

Glu Thr Thr
65

Val His Asn

Pro Gln Glu

Lys Asn Asn
115

Asp Gln Ser
130

Leu Asn Cys
145

Ile Lys Asn

Gln Lys Val

Lys Ser Asn
195

Ala Ile Thr
210

His Tyr Cys
225

Glu Phe Asn

Thr His Gly

Thr Trp Ile Leu Phe

Val Met Gly Ile Gln

20

Met Ile Leu Gly Met

40

Val Thr Val Tyr Tyr

55

Leu Phe Cys Ala Ser

70

Val Trp Ala Thr His

85

Ile Asn Leu Glu Asn

100

Met Val Glu Gln Met

120

Leu Lys Pro Cys Val

135

Ser Asn Val Asn Val
150

Cys Ser Phe Asn Met

165

Tyr Ser Leu Phe Tyr

180

Ser Ser Ser Gln Tyr

200

Gln Ala Cys Pro Lys

215

Ala Pro Ala Gly Phe
230

Gly Thr Gly Pro Cys

245

Ile Lys Pro Val Val

260

Leu

Arg

25

Ile

Gly

Asp

Ala

Val

105

His

Lys

Thr

Thr

Lys

185

Arg

Val

Ala

Lys

Ser
265

Val

10

Asn

Ile

Val

Ala

Cys

90

Thr

Thr

Leu

Thr

Thr

170

Leu

Leu

Ser

Ile

Asn

250

Thr

Ala

Cys

Ile

Pro

Lys

75

Val

Glu

Asp

Thr

Asn

155

Glu

Asp

Ile

Phe

Leu
235

Val

Gln

Ala Ala Thr
Gln His Leu

30
Cys Ser Ala
Val Trp Lys
60

Ala Tyr Asp

Pro Thr Asp

Glu Phe Asn
110

Ile Ile Ser
125

Pro Leu Cys
140

Ile Met Lys

Leu Arg Asp

Val Val Gln
190

Asn Cys Asn
205

Glu Pro Ile
220

Lys Cys Lys

Ser Thr Val

Leu Leu Leu
270

Arg Val
15

Trp Arg

Ala Glu

Asp Ala

Thr Glu
80

Pro Asn
95

Met Trp

Leu Trp

Val Thr

Gly Glu
160

Lys Lys
175

Ile Asn

Thr Ser

Pro Ile

Asp Lys

240

Gln Cys
255

Asn Gly

Subtype A consensus Envelope protein sequence
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68

Ser

Asn

Cys

305

Gly

Ala

Thr

Cys

385

Thr

Asp

Gln

Arg

Asp

465

Arg

Glu

Arg

Gly

Gln

545

Leu

Gly

Lys

Cys

Ser

625

Ser

Gln

Asn

Ile

Leu

Ala

290

Thr

Gln

His

Ala

Asn

370

Gly

Trp

Thr

Arg

Cys

450

Asn

Asp

Pro

Glu

Ala

530

Ala

Arg

Ile

Asp

Thr

610

Glu

Asn

Gln

Leu

Phe

Ala

275

Lys

Arg

Ala

Cys

Lys

355

Ser

Gly

Asn

Ile

Val

435

Glu

Asn

Asn

Leu

Lys

515

Ala

Arg

Ala

Lys

Gln

595

Thr

Ile

Tyr

Glu

Trp
675

Ile

Glu

Asn

Pro

Phe

Asn

340

Gln

Ser

Glu

Gly

Thr

420

Gly

Ser

Ser

Trp

Gly

500

Arg

Gly

Gln

Ile

Gln

580

Gln

Asn

Trp

Thr

Lys
660

Asn

Met

Glu

Ile

Asn

Tyr

325

Val

Leu

Gly

Phe

Asn

405

Leu

Gln

Asn

Lys

Arg

485

Val

Ala

Ser

Leu

Glu

565

Leu

Leu

Val

Asp

Asp

645

Asn

Trp

Ile

Glu

Ile

Asn

310

Ala

Ser

Arg

Gly

Phe

390

Gly

Pro

Ala

Ile

Asn

470

Ser

Ala

Val

Thr

Leu

550

Ala

Gln

Leu

Pro

Asn

630

Ile

Glu

Phe

Val

Val

Val

295

Asn

Thr

Arg

Lys

Arg

375

Tyr

Thr

Cys

Met

Thr

455

Glu

Glu

Pro

Gly

Met

535

Ser

Gln

Ala

Gly

Trp

615

Met

Ile

Gln

Asp

Gly

Met

280

Gln

Thr

Gly

Thr

Tyr

360

Leu

Cys

Lys

Arg

Tyr

440

Gly

Thr

Leu

Thr

Ile

520

Gly

Gly

Gln

Arg

Ile

600

Asn

Thr

Tyr

Asp

Ile
680

Gly

Ile

Leu

Arg

Asp

Glu

345

Phe

Arg

Asn

Lys

Ile

425

Ala

Leu

Phe

Tyr

Lys

505

Gly

Ala

Ile

His

Val

585

Trp

Ser

Trp

Asn

Leu
665

Ser

Leu

Arg

Thr

Lys

Ile

330

Trp

Asn

Ile

Thr

Lys

410

Lys

Pro

Leu

Arg

Lys

490

Ala

Ala

Ala

Val

Leu

570

Leu

Gly

Ser

Leu

Leu
650
Leu

Asn

Ile

Ser

Lys

Ser

315

Ile

Asn

Asn

Thr

Ser

395

Asn

Gln

Pro

Leu

Pro

475

Tyr

Lys

Val

Ser

Gln

555

Leu

Ala

Cys

Trp

Gln

635

Ile

Ala

Trp

Gly

Glu

Pro

300

Ile

Gly

Glu

Lys

Thr

380

Gly

Ser

Ile

Ile

Thr

460

Gly

Lys

Arg

Phe

Ile

540

Gln

Lys

Val

Ser

Ser

620

Trp

Glu

Leu

Leu

Leu

Asn

285

Val

Arg

Asp

Thr

Thr

365

His

Leu

Thr

Ile

Gln

445

Arg

Gly

Val

Arg

Leu

525

Thr

Gln

Leu

Glu

Gly

605

Asn

Asp

Glu

Asp

Trp

685

Arg

Ile

Lys

Ile

Ile

Leu

350

Ile

Ser

Phe

Glu

Asn

430

Gly

Asp

Gly

Val

Val

510

Gly

Leu

Ser

Thr

Arg

590

Lys

Lys

Lys

Ser

Lys
670

Tyr

Ile

Thr

Ile

Gly

Arg

335

Gln

Ile

Phe

Asn

Ser

415

Met

Val

Gly

Asp

Lys

495

Val

Phe

Thr

Asn

Val

575

Tyr

Leu

Ser

Glu

Gln
655
Trp

Ile

Val

Asn

Asn

Pro

320

Gln

Lys

Phe

Asn

Ser

400

Asn

Trp

Ile

Gly

Met

480

Ile

Glu

Leu

Val

Leu

560

Trp

Leu

Ile

Gln

Ile

640

Asn

Ala

Lys

Phe



69

US 9,290,546 B2

-continued

70

690

Ala Val Leu Ser Val

705

<210> SEQ ID NO 3
<211> LENGTH: 2734

<212> TYPE:

DNA

695

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

construct

<400> SEQUENCE: 3

ggatccgeca

cacagcagag

ctgetgggea

ggCgthCtg

tacgataccg

cctecaggaag

gtggagcaga

aagctgacce

aagggcgaga

aaggagtacg

taccggctga

gagcccatee

aagaagttca

atcagacceg

gtgatccgga

agcgtggaga

cctggecagy

aatatcagcc

cagtteggea

atgcacagct

agcacctgga

ctgeectgec

gecectecca

agagatggcg

atgagggaca

ggCgtggCCC

atcggegeca

atgaccctga

ctgectgagag

cagctgcagyg

atctgggget

agcaacaaga

ccatggactyg

tgaagggcat

tgctgatgat

tgtggaagga

aagtgcacaa

tggtgctgga

tgcacgagga

ctctgtgegt

tcaagaactg

ccctgtteta

tcagctgeaa

ccatccacta

acggcaccgg

tggtgtccac

gcgagaattt

tcaactgcac

ccttctacac

gggccaagtg

acaagaccat

tcaactgtgg

acgtgaacgg

ggatcaagca

tcagaggcca

gcaacaataa

actggcggag

ccaccaagge

tgtttetggy

cegtgeagge

ccatcgagge

ccegegtget

gcagcggcaa

gectggacga

gacctggatt

ccggaagaac

ctgttetgee

ggccaccace

tgtgtgggcc

gaacgtgace

catcatcage

gaccctgaac

cagcttcaac

caagctggac

caccagegtyg

ctgegecect

ceccttgeace

ccagetgetyg

caccaacaac

cecggeccaac

caccggegag

gaacaacacc

cgtgttcaac

cggegagtte

gacctggaac

gatcatcaat

gatccggtge

caccaacgag

cgagctgtac

caagagaaga

ctttetggga

cagacagcetg

ccagcagcac

ggccgtggag

getgatctge

gatctgggac

ctgttectygyg

taccagcacc

gccgagaage

accctgttet

acccacgect

gagaacttca

ctgtgggacc

tgcaccgace

atcaccacct

gtggtgccca

atcacccagg

geeggetteg

aatgtgagca

ctgaacggca

gccaagacca

aacaataccc

atcatcggeg

ctgaagcaga

cagagcageg

ttctactgea

aacaacaccg

atgtggcagg

agcagcaata

accgagatct
aagtacaaag

gtggtgcage

gecgecggaa

ctgageggea

ctgctgecage

agatacctga

accaccaccg

aacatgacct

700

tggccgeege

tgtggagatg

tgtgggtgac

gegecagega

gegtgectac

acatgtggaa

agagcctgaa

tgagcggega

ccatceggga

tcgacaacga

cctgecccaa

ccatcctgaa

ccgtgeagty

gectggecga

tcatcgtgea

ggaagagcat

atatcaggca

tcgtgaagaa

geggcagace

acacaaccca

agggcaacga

aggtgggcaa

tcaccggect

ttagacctygyg

tggtgaagat

dggagaagag

gcaccatggg

tcgtgcagea

tgacagtgtyg

aggaccagca

tgcecctggaa

ggatggagtg

Subtype B consensus Envelope DNA sequence

caccagagtyg

gggcaccatg

cgtgtactac

cgccaaggec

cgatcccaac

gaacaacatg

gecttgegtyg

gaagatggag

caaagtgcag

caacaccagc

agtgagcttce

gtgcaacgac

cacccacgge

ggaagaagtg

gctgaacgag

ccacatcgge

ggcccactge

getgegggag

tagaatcgtyg

getgttcaac

caccatcacc

ggccatgtac

getgetgace

cggcggagac

cgagceecty

agctgtgggc

agccgecage

gcagaacaac

gggcatcaag

gctgctggga

cgccagetygyg

dgagcgggag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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atcgacaact acaccagcct gatctacacce ctgatcgagg agagccagaa ccagcaggag 1980
aagaacgagc aggagctgct ggagctggac aagtgggcca gectgtggaa ctggttcgac 2040
atcaccaact ggctgtggta catcaagatc ttcatcatga ttgtgggcgg cctgatcggce 2100
ctgagaatcg tgttcgcegt getgagcatce tacccctacg acgtgcecccga ttacgcectga 2160
gaattcgtaa gtaagtgtca tatgggagag ctcgactaga ctggacagcc aatgacgggt 2220
aagagagtga catttctcac taacctaaga caggagggcc gtcaaagcta ctgcctaatc 2280
caatgacggg taatagtgac aagaaatgta tcactccaac ctaagacagg cgcagcctcce 2340
gagggatgtg tcttttgttt tttataatta aaaagggtga catgtccgga gccgtgetge 2400
ccggatgatg tecttggecte tgtttgctac cggtatcgat gttaacgteg accccgggcet 2460
cgaggtaagt aagtgtcata tgggagagct cgactagact ggacagccaa tgacgggtaa 2520
gagagtgaca tttctcacta acctaagaca ggagggccgt caaagctact gcctaatcca 2580
atgacgggta atagtgacaa gaaatgtatc actccaacct aagacaggcg cagcctccga 2640
gggatgtgtc ttttgttttt tataattaaa aagggtgaca tgtccggagc cgtgctgcecce 2700
ggatgatgtc ttggectctg tttgctgegg ccgce 2734

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 715
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

const

RE:

ruct

<400> SEQUENCE: 4

Met Asp Trp
1

His Ser Arg
Trp Gly Thr
35

Lys Leu Trp
50

Thr Thr Thr
65

Val His Asn

Pro Gln Glu

Lys Asn Asn
115

Asp Gln Ser
130

Leu Asn Cys
145

Lys Asn Cys

Lys Glu Tyr

Asp Asn Thr
195

Thr Trp Ile Leu Phe

Val Lys Gly Ile Arg

20

Met Leu Leu Gly Met

40

Val Thr Val Tyr Tyr

55

Leu Phe Cys Ala Ser

70

Val Trp Ala Thr His

85

Val Val Leu Glu Asn

100

Met Val Glu Gln Met

120

Leu Lys Pro Cys Val

135

Thr Asp Leu Ser Gly
150

Ser Phe Asn Ile Thr

165

Ala Leu Phe Tyr Lys

180

Ser Tyr Arg Leu Ile

200

Leu

Lys

25

Leu

Gly

Asp

Ala

Val

105

His

Lys

Glu

Thr

Leu
185

Ser

Val

10

Asn

Met

Val

Ala

Cys

90

Thr

Glu

Leu

Lys

Ser

170

Asp

Cys

Ala

Tyr

Ile

Pro

Lys

75

Val

Glu

Asp

Thr

Met

155

Ile

Val

Asn

Ala Ala Thr

Gln His Leu
30

Cys Ser Ala

Val Trp Lys

60

Ala Tyr Asp

Pro Thr Asp

Asn Phe Asn
110

Ile Ile Ser
125

Pro Leu Cys
140

Glu Lys Gly

Arg Asp Lys

Val Pro Ile
190

Thr Ser Val
205

Arg Val
15

Trp Arg

Ala Glu

Glu Ala

Thr Glu
80

Pro Asn
95

Met Trp

Leu Trp

Val Thr
Glu Ile
160

Val Gln
175

Asp Asn

Ile Thr

Subtype B consensus Envelope protein sequence
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Gln

Ala

225

Gly

Ile

Glu

Thr

Pro

305

Phe

Asn

Lys

Ser

Glu

385

Leu

Lys

Asn

Asn

465

Trp

Gly

Arg

Gly

Gln

545

Ile

Gln

Gln

Thr

Trp

Ala

210

Pro

Thr

Arg

Glu

Ile

290

Asn

Tyr

Ile

Leu

Gly

370

Phe

Asn

Pro

Ala

Ile

450

Glu

Arg

Val

Ala

Ser

530

Leu

Glu

Leu

Leu

Val
610

Asp

Cys

Ala

Gly

Pro

Glu

275

Ile

Asn

Thr

Ser

Arg

355

Gly

Phe

Gly

Cys

Met

435

Thr

Thr

Ser

Ala

Val

515

Thr

Leu

Ala

Gln

Leu
595

Pro

Asn

Pro

Gly

Pro

Val

260

Val

Val

Asn

Thr

Arg

340

Glu

Arg

Tyr

Thr

Arg

420

Tyr

Gly

Glu

Glu

Pro

500

Gly

Met

Ser

Gln

Ala
580
Gly

Trp

Met

Lys

Phe

Cys

245

Val

Val

Gln

Thr

Gly

325

Ala

Gln

Pro

Cys

Trp

405

Ile

Ala

Leu

Ile

Leu

485

Thr

Ile

Gly

Gly

Gln

565

Arg

Ile

Asn

Thr

Val

Ala

230

Thr

Ser

Ile

Leu

Arg

310

Glu

Lys

Phe

Arg

Asn

390

Asn

Lys

Pro

Leu

Phe

470

Tyr

Lys

Gly

Ala

Ile

550

His

Val

Trp

Ala

Trp

Ser

215

Ile

Asn

Thr

Arg

Asn

295

Lys

Ile

Trp

Gly

Ile

375

Thr

Asn

Gln

Pro

Leu

455

Arg

Lys

Ala

Ala

Ala

535

Val

Leu

Leu

Gly

Ser
615

Met

Phe

Leu

Val

Gln

Ser

280

Glu

Ser

Ile

Asn

Asn

360

Val

Thr

Asn

Ile

Ile

440

Thr

Pro

Tyr

Lys

Met

520

Ser

Gln

Leu

Ala

Cys
600

Trp

Glu

Glu

Lys

Ser

Leu

265

Glu

Ser

Ile

Gly

Asn

345

Lys

Met

Gln

Thr

Ile

425

Arg

Arg

Gly

Lys

Arg

505

Phe

Met

Gln

Gln

Val
585
Ser

Ser

Trp

Pro

Cys

Thr

250

Leu

Asn

Val

His

Asp

330

Thr

Thr

His

Leu

Glu

410

Asn

Gly

Asp

Gly

Val

490

Arg

Leu

Thr

Gln

Leu

570

Glu

Gly

Asn

Glu

Ile

Asn

235

Val

Leu

Phe

Glu

Ile

315

Ile

Leu

Ile

Ser

Phe

395

Gly

Met

Gln

Gly

Gly

475

Val

Val

Gly

Leu

Asn

555

Thr

Arg

Lys

Lys

Arg

Pro

220

Asp

Gln

Asn

Thr

Ile

300

Gly

Arg

Lys

Val

Phe

380

Asn

Asn

Trp

Ile

Gly

460

Asp

Lys

Val

Phe

Thr

540

Asn

Val

Tyr

Leu

Ser
620

Glu

Ile

Lys

Cys

Gly

Asn

285

Asn

Pro

Gln

Gln

Phe

365

Asn

Ser

Asp

Gln

Arg

445

Asn

Met

Ile

Gln

Leu

525

Val

Leu

Trp

Leu

Ile
605

Leu

Ile

His

Lys

Thr

Ser

270

Asn

Cys

Gly

Ala

Ile

350

Asn

Cys

Thr

Thr

Glu

430

Cys

Asn

Arg

Glu

Arg

510

Gly

Gln

Leu

Gly

Lys

590

Cys

Asp

Asp

Tyr

Phe

His

255

Leu

Ala

Thr

Gln

His

335

Val

Gln

Gly

Trp

Ile

415

Val

Ser

Asn

Asp

Pro

495

Glu

Ala

Ala

Arg

Ile

575

Asp

Thr

Glu

Asn

Cys

Asn

240

Gly

Ala

Lys

Arg

Ala

320

Cys

Lys

Ser

Gly

Asn

400

Thr

Gly

Ser

Thr

Asn

480

Leu

Lys

Ala

Arg

Ala

560

Lys

Gln

Thr

Ile

Tyr
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625 630 635 640

Thr Ser Leu Ile Tyr Thr Leu Ile Glu Glu Ser Gln Asn Gln Gln Glu
645 650 655

Lys Asn Glu Gln Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Leu Trp
660 665 670

Asn Trp Phe Asp Ile Thr Asn Trp Leu Trp Tyr Ile Lys Ile Phe Ile
675 680 685

Met Ile Val Gly Gly Leu Ile Gly Leu Arg Ile Val Phe Ala Val Leu
690 695 700

Ser Ile Tyr Pro Tyr Asp Val Pro Asp Tyr Ala
705 710 715

<210> SEQ ID NO 5

<211> LENGTH: 2140

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Subtype C consensus Envelope DNA sequence
construct

<400> SEQUENCE: 5

ggatccgeca ccatggattg gacctggatt ctgttectgg tggecgeege cacaagagtg 60
cacagcagag tgcggggcat cctgagaaat tgecageagt ggtggatetg gggcattetg 120
gggttctgga tgctgatgat ctgcaacgtyg atgggcaacce tgtgggtgac cgtgtactac 180
ggegtgectyg tgtggaagga ggccaagacce accctgttet gtgecagega tgecaaggec 240
tacgagaccg aggtgcacaa tgtgtgggece acccacgect gtgtgeccac cgatcccaac 300
cctcaggaga tggtgetgga gaacgtgace gagaacttca acatgtggaa gaacgacatg 360
gtggaccaga tgcacgagga catcatcage ctgtgggacc agagcctgaa gecttgegtyg 420
aagctgacce ctetgtgegt gaccctgaac tgecggaaca acgtgaacaa caacaacace 480
atgaaggagg agatcaagaa ctgcagctte aacatcacca cegagetgeg ggacaagaag 540
cagaaggtgt acgcectgtt ctaccggetyg gacatcgtge cectgaacga gaagaacaac 600
agcaacgact accggctgat caactgcaac accagcgcca tcacccagge ctgtcccaag 660
gtgtcectteg accccatcee catccactat tgtgcccctg ceggetacge catcctgaag 720
tgcaacaaca agaccttcaa cggcaccgge ccctgcaata atgtgagcac cgtgcagtgt 780
acccacggca tcaagectgt ggtgtcecace cagetgetge tgaatggeag cctggecgag 840
gaggagatta tcatccggag cgagaacctyg accaacaacg ccaagaccat cattgtgeac 900
ctgaatgaga gcgtggagat cgtgtgtace cggcccaaca acaatacccg gaagagcatce 960

agaatcggcce ctggccagac cttttacgce accggcgaca tcatcggcga tatcaggcag 1020

geccactgea atatcagcga ggagaagtgg aacaagaccce tgcagegggt gtecgagaag 1080

ctgaaggagce acttccccaa taagaccate aagttegece ctagcagegg cggcagactg 1140

gagatcacca cccacagctt caactgcagg ggcgagttcet tcectactgcaa taccagcaag 1200

ctgttcaaca gcacctacat geccaacage accaacaata ccaacaccac catcaccctg 1260

ccetgecgga tcaagcagat catcaatatg tggcaggaag tgggcagagce catgtacgcece 1320

ccteccateg agggcaacat cacctgcaag tccaacatca ceggectget getgacaaga 1380

gatggcggca agaacgacac caatgacacc gagaccttca gacctggegyg cggagacatg 1440

agggacaact ggcggagcga gctgtacaag tacaaggtgg tggagatcaa gectcetggge 1500

gtggccecta ccaaggccaa gaggagagtyg gtggagaggg agaagagagce cgtgggeatc 1560
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78

-continued
ggcgecgtgt ttetgggett tcectgggagece gecggatcta caatgggagce cgccagcatce 1620
acactgaccg tgcaggccag acagctgetg ageggcateg tgcagcagca gagcaatctg 1680
ctgagagcca tcgaggecca gcagcacatg ctgcagetga cagtgtgggyg catcaagcag 1740
ctgcagacca gagtgctggce catcgagcgce tacctgaagg atcagcagcet getgggcatce 1800
tggggctgta gcggcaagcet gatctgtace accgccgtge cttggaatag cagctggagce 1860
aacaagagcce aggaggacat ctgggacaac atgacctgga tgcagtggga ccgggagatce 1920
agcaactaca ccgacaccat ctacaggcetg ctggaggaca gccagaacca gcaggagaag 1980
aacgagaagg acctgctggce cctggacagce tggaagaacc tgtggaactg gttcgacatc 2040
accaactggce tgtggtacat caagatcttc atcatgattg tgggcggcct gatcggectg 2100
agaatcatct tcgccgtgcet gagcatctga tagcggecgce 2140

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 6
H: 705
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

const

RE:

ruct

<400> SEQUENCE: 6

Met Asp Trp
1

His Ser Arg
Trp Gly Ile
35

Asn Leu Trp
50

Lys Thr Thr
65

Val His Asn

Pro Gln Glu

Lys Asn Asp
115

Asp Gln Ser
130

Leu Asn Cys
145

Ile Lys Asn

Gln Lys Val

Glu Lys Asn

195

Ala Ile Thr
210

His Tyr Cys
225

Thr Phe Asn

Thr Trp Ile Leu Phe

Val Arg Gly Ile Leu

Leu Gly Phe Trp Met

40

Val Thr Val Tyr Tyr

55

Leu Phe Cys Ala Ser

70

Val Trp Ala Thr His

Met Val Leu Glu Asn

100

Met Val Asp Gln Met

120

Leu Lys Pro Cys Val

135

Arg Asn Asn Val Asn
150

Cys Ser Phe Asn Ile

165

Tyr Ala Leu Phe Tyr

180

Asn Ser Asn Asp Tyr

200

Gln Ala Cys Pro Lys

215

Ala Pro Ala Gly Tyr
230

Gly Thr Gly Pro Cys

245

Leu

Arg

Leu

Gly

Asp

Ala

Val

105

His

Lys

Asn

Thr

Arg

185

Arg

Val

Ala

Asn

Val

10

Asn

Met

Val

Ala

Cys

90

Thr

Glu

Leu

Asn

Thr

170

Leu

Leu

Ser

Ile

Asn
250

Ala

Cys

Ile

Pro

Lys

75

Val

Glu

Asp

Thr

Asn

155

Glu

Asp

Ile

Phe

Leu

235

Val

Ala Ala Thr

Gln Gln Trp

Cys Asn Val
45

Val Trp Lys
60

Ala Tyr Glu

Pro Thr Asp

Asn Phe Asn
110

Ile Ile Ser
125

Pro Leu Cys
140

Thr Met Lys

Leu Arg Asp

Ile Val Pro
190

Asn Cys Asn
205

Asp Pro Ile
220

Lys Cys Asn

Ser Thr Val

Arg Val
15

Trp Ile

Met Gly

Glu Ala

Thr Glu
80

Pro Asn
95

Met Trp

Leu Trp

Val Thr

Glu Glu
160

Lys Lys
175

Leu Asn

Thr Ser

Pro Ile

Asn Lys

240

Gln Cys
255

Subtype C consensus Envelope protein sequence
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80

Thr

Ser

Asn

Cys

305

Gly

Ala

Ala

Cys

385

Thr

Pro

Ala

Ile

Asp

465

Arg

Ala

Ser

Leu

545

Glu

Leu

Leu

Asp
625

Asp

Asn

His

Leu

Ala

290

Thr

Gln

His

Ser

Pro

370

Arg

Tyr

Cys

Met

Thr

450

Thr

Ser

Ala

Val

Thr

530

Leu

Ala

Gln

Leu

Pro

610

Asn

Thr

Glu

Gly

Ala

275

Lys

Arg

Thr

Cys

Glu

355

Ser

Gly

Met

Arg

Tyr

435

Gly

Glu

Glu

Pro

Gly

515

Met

Ser

Gln

Thr

Gly

595

Trp

Met

Ile

Lys

Ile

260

Glu

Thr

Pro

Phe

Asn

340

Lys

Ser

Glu

Pro

Ile

420

Ala

Leu

Thr

Leu

Thr

500

Ile

Gly

Gly

Gln

Arg

580

Ile

Asn

Thr

Tyr

Asp
660

Lys

Glu

Ile

Asn

Tyr

325

Ile

Leu

Gly

Phe

Asn

405

Lys

Pro

Leu

Phe

Tyr

485

Lys

Gly

Ala

Ile

His

565

Val

Trp

Ser

Trp

Arg

645

Leu

Pro

Glu

Ile

Asn

310

Ala

Ser

Lys

Gly

Phe

390

Ser

Gln

Pro

Leu

Arg

470

Lys

Ala

Ala

Ala

Val

550

Met

Leu

Gly

Ser

Met
630

Leu

Leu

Val

Ile

Val

295

Asn

Thr

Glu

Glu

Arg

375

Tyr

Thr

Ile

Ile

Thr

455

Pro

Tyr

Lys

Val

Ser

535

Gln

Leu

Ala

Cys

Trp

615

Gln

Leu

Ala

Val

Ile

280

His

Thr

Gly

Glu

His

360

Leu

Cys

Asn

Ile

Glu

440

Arg

Gly

Lys

Arg

Phe

520

Ile

Gln

Gln

Ile

Ser

600

Ser

Trp

Glu

Leu

Ser

265

Ile

Leu

Arg

Asp

Lys

345

Phe

Glu

Asn

Asn

Asn

425

Gly

Asp

Gly

Val

Arg

505

Leu

Thr

Gln

Leu

Glu

585

Gly

Asn

Asp

Asp

Asp
665

Thr

Arg

Asn

Lys

Ile

330

Trp

Pro

Ile

Thr

Thr

410

Met

Asn

Gly

Gly

Val

490

Val

Gly

Leu

Ser

Thr

570

Arg

Lys

Lys

Arg

Ser
650

Ser

Gln

Ser

Glu

Ser

315

Ile

Asn

Asn

Thr

Ser

395

Asn

Trp

Ile

Gly

Asp

475

Glu

Val

Phe

Thr

Asn

555

Val

Tyr

Leu

Ser

Glu
635

Gln

Trp

Leu

Glu

Ser

300

Ile

Gly

Lys

Lys

Thr

380

Lys

Thr

Gln

Thr

Lys

460

Met

Ile

Glu

Leu

Val

540

Leu

Trp

Leu

Ile

Gln
620
Ile

Asn

Lys

Leu

Asn

285

Val

Arg

Asp

Thr

Thr

365

His

Leu

Thr

Glu

Cys

445

Asn

Arg

Lys

Arg

Gly

525

Gln

Leu

Gly

Lys

Cys

605

Glu

Ser

Gln

Asn

Leu

270

Leu

Glu

Ile

Ile

Leu

350

Ile

Ser

Phe

Ile

Val

430

Lys

Asp

Asp

Pro

Glu

510

Ala

Ala

Arg

Ile

Asp

590

Thr

Asp

Asn

Gln

Leu
670

Asn

Thr

Ile

Gly

Arg

335

Gln

Lys

Phe

Asn

Thr

415

Gly

Ser

Thr

Asn

Leu

495

Lys

Ala

Arg

Ala

Lys

575

Gln

Thr

Ile

Tyr

Glu

655

Trp

Gly

Asn

Val

Pro

320

Gln

Arg

Phe

Asn

Ser

400

Leu

Arg

Asn

Asn

Trp

480

Gly

Arg

Gly

Gln

Ile

560

Gln

Gln

Ala

Trp

Thr

640

Lys

Asn
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Trp Phe Asp Ile Thr Asn Trp Leu Trp Tyr Ile Lys Ile Phe Ile Met
675 680 685

Ile Val Gly Gly Leu Ile Gly Leu Arg Ile Ile Phe Ala Val Leu Ser
690 695 700

Ile
705

<210> SEQ ID NO 7

<211> LENGTH: 2089

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Subtype D consensus Envelope DNA sequence
construct

<400> SEQUENCE: 7

gggcatcaag cggaattacc agcacctgtyg gaagtgggge accatgetge tgggeatget 60
gatgacctge agegtggeeg agaacctgtyg ggtgaccegtg tactacggeg tgectgtgtg 120
gaaggaagce accaccaccce tgttctgege cagcgatgee aagagctaca agaccgaggce 180
ccacaatatce tgggccacce acgectgegt gectaccgat cecaaccete aggagatcga 240
getggagaac gtgaccgaga acttcaacat gtggaagaac aacatggtgyg agcagatgeca 300
cgaggacatce atcagectgt gggaccagag cctgaagect tgegtgaage tgacccctcet 360
gtgcgtgace ctgaactgca ccgacggcat gaggaacgac accaacgata ccaacgtgac 420
catggaggag ggcgagatga agaactgcag cttcaacatc accaccgaag tgcgggacaa 480
gaagaagcag gtgcacgccce tgttctacaa gctggacgtg gtgcccateyg acgacaacaa 540
caccaacaac agcaactacc ggctgatcaa ctgcaacacce agcegccatca cccaggectg 600
ccccaaagtyg accttegage ccatccccat ccactactge gecectgecg gettegecat 660
cctgaagtge aaggataaga agttcaacgg caccggeccece tgcaagaatg tgagcaccgt 720
gecagtgcace cacggcatca gacccgtggt gtccacccag ctgctgetga acggeagect 780
ggccgaggag gagatcatca tccggagcega gaacctgacce aacaacgcca agatcatcat 840
tgtgcagetyg aacgagagceg tgaccatcaa ttgcaccegg cectacaaca atacccggaa 900
gegecatcece atcggectgg gecaggectt ctacaccacce agaggcatca tcggegacat 960

cagacaggce cactgcaata tcagcggage cgagtggaat aagaccctge agcaggtgge 1020
caagaagctg ggcgacctgce tgaacaagac caccatcatce ttcaagccta gcageggcegg 1080
cagacctaga atcaccaccc acagcttcaa ttgtggcecggce gagttcttcet actgcaatac 1140
cagceggetyg ttcaacagca cctggagcaa gaacagcacce agcaactcca ccaaggagaa 1200
caacaccatc accctgcect gecggatcaa gcagatcatc aatatgtgge agggagtggg 1260
caaggccatg tacgccecte ccatcgaggg cctgatcaag tgcagcagca acatcaccgg 1320
cctgetgetyg accagagatg gcggagecaa caactcccac aacgagacct tcagacctgg 1380
cggcggagac atgagggaca actggeggag cgagctgtac aagtacaaag tggtgaagat 1440
cgageccctyg ggcegtggece ccaccagage caagagaaga gtggtggage gggagaagag 1500
agccatcgga ctgggcgceca tgttcectggg cttectggga gecgccggaa gcaccatggg 1560
agccgecage ctgaccctga ccgtgcagge cagacagetyg ctgagceggea tcegtgcagca 1620
gcagaacaac ctgctgagag ccattgaggc ccagcagcac ctgctgcagce tgacagtgtg 1680
gggcattaag cagctgcagg ccaggattct ggccgtggag cgctacctga aggatcagca 1740

gctgectggga atctggggct gcagcggcaa gcacatctgce accaccaccg tgccttggaa 1800
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tagcagctgg
ggagagggag
ccagcaggag
ctggttcage
cctgategge
<210> SEQ I

<211> LENGT.
<212> TYPE:

agcaacaaga
atcgacaact
aagaacgagc
atcacccagt
ctgagaatcg
D NO 8

H: 714
PRT

gectggacga

acaccggect

aggagctgcet

ggctgtggta

tgttcgecegt

gatctggaac aacatgacct ggatggagtg

gatctacage ctgatcgagg agagccagac

ggagctggac aagtgggcca gectgtggaa

catcaagatc ttcatcatga ttgtgggcgg

getgagectyg tgactcgag

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

const

RE:

ruct

<400> SEQUENCE: 8

Met Asp Trp
1

His Ser Arg
Trp Gly Thr
35

Asn Leu Trp
50

Thr Thr Thr
65

Ala His Asn

Pro Gln Glu

Lys Asn Asn

115

Asp Gln Ser
130

Leu Asn Cys
145

Thr Met Glu

Glu Val Arg

Asp Val Val
195

Leu Ile Asn
210

Thr Phe Glu
225

Ile Leu Lys

Asn Val Ser

Thr Gln Leu
275

Arg Ser Glu
290

Thr Trp Ile Leu Phe

Val Arg Gly Ile Lys

20

Met Leu Leu Gly Met

40

Val Thr Val Tyr Tyr

55

Leu Phe Cys Ala Ser

70

Ile Trp Ala Thr His

85

Ile Glu Leu Glu Asn

100

Met Val Glu Gln Met

120

Leu Lys Pro Cys Val

135

Thr Asp Gly Met Arg
150

Glu Gly Glu Met Lys

165

Asp Lys Lys Lys Gln

180

Pro Ile Asp Asp Asn

200

Cys Asn Thr Ser Ala

215

Pro Ile Pro Ile His
230

Cys Lys Asp Lys Lys

245

Thr Val Gln Cys Thr

260

Leu Leu Asn Gly Ser

280

Asn Leu Thr Asn Asn

295

Leu Val Ala Ala Ala Thr Arg Val
10 15

Arg Asn Tyr Gln His Leu Trp Lys
25 30

Leu Met Thr Cys Ser Val Ala Glu
45

Gly Val Pro Val Trp Lys Glu Ala
60

Asp Ala Lys Ser Tyr Lys Thr Glu
75 80

Ala Cys Val Pro Thr Asp Pro Asn
90 95

Val Thr Glu Asn Phe Asn Met Trp
105 110

His Glu Asp Ile Ile Ser Leu Trp
125

Lys Leu Thr Pro Leu Cys Val Thr
140

Asn Asp Thr Asn Asp Thr Asn Val
155 160

Asn Cys Ser Phe Asn Ile Thr Thr
170 175

Val His Ala Leu Phe Tyr Lys Leu
185 190

Asn Thr Asn Asn Ser Asn Tyr Arg
205

Ile Thr Gln Ala Cys Pro Lys Val
220

Tyr Cys Ala Pro Ala Gly Phe Ala
235 240

Phe Asn Gly Thr Gly Pro Cys Lys
250 255

His Gly Ile Arg Pro Val Val Ser
265 270

Leu Ala Glu Glu Glu Ile Ile Ile
285

Ala Lys Ile Ile Ile Val Gln Leu
300

1860

1920

1980

2040

2089

Subtype D consensus Envelope protein sequence
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86

Asn

305

Lys

Ile

Trp

Asn

Ile

385

Thr

Ser

Ile

Ile

Thr

465

Gly

Lys

Arg

Phe

Leu

545

Gln

Gln

Ser

Ser

625

Trp

Glu

Leu

Leu

Leu
705

Glu

Arg

Ile

Asn

Lys

370

Thr

Ser

Thr

Ile

Glu

450

Arg

Gly

Val

Arg

Leu

530

Thr

Gln

Leu

Glu

Gly

610

Asn

Glu

Glu

Asp

Trp

690

Arg

Ser

Ile

Gly

Lys

355

Thr

Thr

Arg

Lys

Asn

435

Gly

Asp

Gly

Val

Val

515

Gly

Leu

Asn

Thr

Arg

595

Lys

Lys

Arg

Ser

Lys
675

Tyr

Ile

Val

Pro

Asp

340

Thr

Thr

His

Leu

Glu

420

Met

Leu

Gly

Asp

Lys

500

Val

Phe

Thr

Asn

Val

580

Tyr

His

Ser

Glu

Gln
660
Trp

Ile

Val

Thr

Ile

325

Ile

Leu

Ile

Ser

Phe

405

Asn

Trp

Ile

Gly

Met

485

Ile

Glu

Leu

Val

Leu

565

Trp

Leu

Ile

Leu

Ile

645

Thr

Ala

Lys

Phe

Ile

310

Gly

Arg

Gln

Ile

Phe

390

Asn

Asn

Gln

Lys

Ala

470

Arg

Glu

Arg

Gly

Gln

550

Leu

Gly

Lys

Cys

Asp

630

Asp

Gln

Ser

Ile

Ala
710

Asn

Leu

Gln

Gln

Phe

375

Asn

Ser

Thr

Gly

Cys

455

Asn

Asp

Pro

Glu

Ala

535

Ala

Arg

Ile

Asp

Thr

615

Glu

Asn

Gln

Leu

Phe
695

Val

Cys

Gly

Ala

Val

360

Lys

Cys

Thr

Ile

Val

440

Ser

Asn

Asn

Leu

Lys

520

Ala

Arg

Ala

Lys

Gln

600

Thr

Ile

Tyr

Glu

Trp
680

Ile

Leu

Thr

Gln

His

345

Ala

Pro

Gly

Trp

Thr

425

Gly

Ser

Ser

Trp

Gly

505

Arg

Gly

Gln

Ile

Gln

585

Gln

Thr

Trp

Thr

Lys

665

Asn

Met

Ser

Arg

Ala

330

Cys

Lys

Ser

Gly

Ser

410

Leu

Lys

Asn

His

Arg

490

Val

Ala

Ser

Leu

Glu

570

Leu

Leu

Val

Asn

Gly

650

Asn

Trp

Ile

Leu

Pro

315

Phe

Asn

Lys

Ser

Glu

395

Lys

Pro

Ala

Ile

Asn

475

Ser

Ala

Ile

Thr

Leu

555

Ala

Gln

Leu

Pro

Asn

635

Leu

Glu

Phe

Val

Tyr

Tyr

Ile

Leu

Gly

380

Phe

Asn

Cys

Met

Thr

460

Glu

Glu

Pro

Gly

Met

540

Ser

Gln

Ala

Gly

Trp

620

Met

Ile

Gln

Ser

Gly
700

Asn

Thr

Ser

Gly

365

Gly

Phe

Ser

Arg

Tyr

445

Gly

Thr

Leu

Thr

Leu

525

Gly

Gly

Gln

Arg

Ile

605

Asn

Thr

Tyr

Glu

Ile
685

Gly

Asn

Thr

Gly

350

Asp

Arg

Tyr

Thr

Ile

430

Ala

Leu

Phe

Tyr

Arg

510

Gly

Ala

Ile

His

Ile

590

Trp

Ser

Trp

Ser

Leu
670

Thr

Leu

Thr

Arg

335

Ala

Leu

Pro

Cys

Ser

415

Lys

Pro

Leu

Arg

Lys

495

Ala

Ala

Ala

Val

Leu

575

Leu

Gly

Ser

Met

Leu

655

Leu

Gln

Ile

Arg

320

Gly

Glu

Leu

Arg

Asn

400

Asn

Gln

Pro

Leu

Pro

480

Tyr

Lys

Met

Ser

Gln

560

Leu

Ala

Cys

Trp

Glu

640

Ile

Glu

Trp

Gly
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-continued

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 9
H: 1049
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Subtype

const

<400> SEQUE:

ggatccgeca

cacagcagca

gagcctgecy

accagcagca

gaggaagtgg

geegtggate

cagaagcgge

tggcagaatt

aagctggtge

geegeccace

aagttcgaca

aaggactgcc

ctgctgaaaa

gagggcacca

atcagaagca

ccectgeage

agcggcaccec

agcggcacca

<210> SEQ I

<211> LENGT.
<212> TYPE:

ruct

NCE: 9

ccatggactyg

agagaagcgt

ccgatggagt

ataccgeege

getteectgt

tgagccactt

aggacatcct

acaccectygg

ctgtggagec

ctatgagect

gcaggctggc

dgggcaggaa

cagtgegget

gacaggcccyg

tcagcgagtyg

tgccececect

agggagtggg

aggagtgatg

D NO 10

H: 341
PRT

gacctggatt

ggtgggttgg

gggcgecgtyg

caacaatgcc

gagagcccag

cctgaaggag

ggatctgtgg

cecctggeate

tgagaaagtg

gcacggcatyg

cttccaccac

gagaagaagc

gatcaagttce

gagaaaccgg

gattctgage

ggagagactg

cagcceccag

agcggecge

B consensus Nef-Rev DNA sequence

ctgttectygyg

cctacagtge

tctagagatce

gactgegect

gtggcectga

aagggcggcc

gtgtaccaca

agatacccte

daggaggcca

gacgatcccyg

atggccagag

gecggcagaa

ctgtaccaga

aggaggcgge

acctacctygg

accctggact

atcctggtygyg

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

const

RE:

ruct

<400> SEQUENCE: 10

Met Asp Trp
1

His Ser Ser

Met Arg Arg
35

Asp Leu Glu
50

Asn Ala Asp
65
Phe Pro Val

Ala Val Asp

Leu Ile Tyr

Thr Trp Ile Leu Phe

5

Lys Arg Ser Val Val

20

Ala Glu Pro Ala Ala

40

Lys His Gly Ala Ile

55

Cys Ala Trp Leu Glu

70

Arg Ala Gln Val Ala

85

Leu Ser His Phe Leu

100

Ser Gln Lys Arg Gln

Leu Val Ala

Gly Trp Pro
25

Asp Gly Val

Thr Ser Ser

Ala Gln Glu

75

Leu Arg Ala
90

Lys Glu Lys
105

Asp Ile Leu

tggcegetge
gggagaggat
tggagaagca
ggctggaggce
gagccatgac
tggagggect
cccagggeta
tgaccttegy
acgagggcga
agagggaagt
agctgcacce
geggegacag
gcaaccctee
ggagagagag
gcagaccege
gcaacgagga

agagcectge

Ala Ala Thr

Thr Val Arg
30

Gly Ala Val
45

Asn Thr Ala
60

Glu Glu Glu

Met Thr Tyr

Gly Gly Leu

110

Asp Leu Trp

caccagagtyg
gagaagagcc
cggegecate
ccaggaggag
ctacaaggcc
gatctacage
cttececcgac
ctggtgette
gaacaattct
getggtgtgg
cgagtactac
cgacgaggag
tcccagecce
gecagceggeag
cgagccegty
ctgeggeace

cgtgetggag

Arg Val

Glu Arg

Ser Arg

Ala Asn

Val Gly
80

Lys Ala
95

Glu Gly

Val Tyr

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1049

Subtype B consensus Nef-Rev protein sequence
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-continued

90

115

His Thr Gln
130

Gly Ile Arg
145

Val Glu Pro

Ala Ala His

Val Leu Val

195

Arg Glu Leu
210

Arg Ser Ala
225

Val Arg Leu

Glu Gly Thr

Arg Gln Arg
275

Leu Gly Arg
290

Arg Leu Thr
305

Gly Val Gly

Ser Gly Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

120

Gly Tyr Phe Pro Asp

135

Tyr Pro Leu Thr Phe
150

Glu Lys Val Glu Glu

165

Pro Met Ser Leu His

180

Trp Lys Phe Asp Ser

200

His Pro Glu Tyr Tyr

215

Gly Arg Ser Gly Asp
230

Ile Lys Phe Leu Tyr

245

Arg Gln Ala Arg Arg

260

Gln Ile Arg Ser Ile

280

Pro Ala Glu Pro Val

295

Leu Asp Cys Asn Glu
310

Ser Pro Gln Ile Leu

325

Lys Glu
340

D NO 11
H: 1863
DNA

Trp Gln Asn
Gly Trp Cys
155

Ala Asn Glu
170

Gly Met Asp
185

Arg Leu Ala

Lys Asp Cys

Ser Asp Glu

235

Gln Ser Asn
250

Asn Arg Arg
265

Ser Glu Trp

Pro Leu Gln

Asp Cys Gly
315

Val Glu Ser
330

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

125

Tyr Thr Pro
140

Phe Lys Leu

Gly Glu Asn

Asp Pro Glu

190

Phe His His
205

Arg Gly Arg
220

Glu Leu Leu

Pro Pro Pro

Arg Arg Trp

270

Ile Leu Ser
285

Leu Pro Pro
300

Thr Ser Gly

Pro Ala Val

<223> OTHER INFORMATION: Gag consensus DNA sequence of
C and D construct

<400> SEQUENCE: 11

ggatccgeca

cacagcggeg

agactgaggc

gagctggaga

atcatcggec

aacaccgtygg

geectggaca

gecgacaccyg

ggccagatgg

daggagaagyg

acacctcagg

atgctgaagg

ccatggactyg

ccagagccag

ctggeggcaa

gattcgcect

agctgcagec

ccaccetgta

agatcgagga

gcaacagcag

tgcaccagge

cctteagece

acctgaacac

ataccatcaa

gacctggatt

cgtgetgtec

gaagaagtac

gaatcctgge

cgcectgeag

ctgegtgeac

ggagcagaac

ccaggtgtec

catcageceee

tgaggtgatc

catgctgaac

c¢gaggaggec

ctgtttetgy

ggcggcaagc

cggctgaage

ctgctggaga

accggcageg

gagaagatcg

aagagcaagc

cagaactacc

agaaccctga

cctatgttea

acagtggggg

geecgagtggg

tegecgecge

tggacgecetyg

accttgtgty

ccagcgaggyg

aggagctgag

aggtgaagga

agaaggccca

ccatcgtgea

atgcctgggt

gegecctgag

gccaccagge

acagactgca

Gly Pro

Val Pro
160

Asn Ser
175

Arg Glu

Met Ala

Lys Arg

Lys Thr

240

Ser Pro
255

Arg Glu

Thr Tyr

Leu Glu

Thr Gln
320

Leu Glu
335

subtype A, B,

cacaagagtyg
ggagaagatc
ggccagcaga
ctgtaagcag
aagcctgtac
caccaaggag
gecaggecgece
gaatctgcag
gaaggtgatc
cgagggcgece
cgccatgeag

ccecegtgeac

60

120

180

240

300

360

420

480

540

600

660

720
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-continued
geeggaccta tegeccctgg ccagatgaga gagcccagag gcagcgacat cgecggcacce 780
accteccacce tgcaagagca gatcggetgg atgaccagea acccccccat ccctgtggge 840
gacatctaca agcggtggat catcctggge ctgaacaaga ttgtgaggat gtacagcccce 900
gtgtccatee tggatatcag gcagggcccce aaggagecct tcagagacta cgtggaccegg 960
ttcttcaaga ccctgagage cgagcaggece agecaggacyg tgaagaactyg gatgaccgag 1020
accctgetgg tgcagaacgce caacccecgac tgtaagacca tectgagage cctgggecct 1080
ggcgecacee tggaggagat gatgaccgcece tgccagggag tgggcggacce cggcecacaag 1140
gecagagtyge tggecgagge catgagccag gccaccaaca gcaacatcat gatgcagegg 1200
ggcaacttca gaggccccag gaggatcgtg aagtgcttca actgtggcaa ggagggccac 1260
atcgccagaa actgtagggce ccccaggaag aagggctget ggaagtgtgyg caaagagggg 1320
caccagatga aggactgtac cgagcggcag gccaatttece tggggaagat ctggeccage 1380
cacaagggca gacccggcaa tttcectgecag agcagacctyg agceccaccge cccteccgece 1440
gagagctteg getteggega ggagatcace cccageccca agcaggagec caaggacaga 1500
gagctgtacc ctectggceccag cctgaagage ctgttcggca acgatcccecct gagccagtac 1560
ccectacgacg tgcccgatta cgecctgagaa ttcegtaagta agtgtcatat gggagagcetce 1620
gactagactg gacagccaat gacgggtaag agagtgacat ttctcactaa cctaagacag 1680
gagggccgte aaagctactg cctaatccaa tgacgggtaa tagtgacaag aaatgtatca 1740
ctccaaccta agacaggcgce agcctcecgag ggatgtgtet tttgtttttt ataattaaaa 1800
agggtgacat gtccggagcec gtgctgcccg gatgatgtet tggcectcectgt ttgetgegge 1860
cgce 1863

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 12
H: 524
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Gag consensus protein sequence
B, C and D construct

<400> SEQUENCE: 12

Met Asp Trp
1

His Ser Gly

Trp Glu Lys
35

Lys His Leu
50

Pro Gly Leu
65

Leu Gln Pro

Asn Thr Val

Asp Thr Lys

115

Lys Gln Lys
130

Val Ser Gln

Thr Trp Ile Leu Phe

Ala Arg Ala Ser Val

20

Ile Arg Leu Arg Pro

40

Val Trp Ala Ser Arg

55

Leu Glu Thr Ser Glu

70

Ala Leu Gln Thr Gly

85

Ala Thr Leu Tyr Cys

100

Glu Ala Leu Asp Lys

120

Ala Gln Gln Ala Ala

135

Asn Tyr Pro Ile Val

Leu Val Ala
10

Leu Ser Gly
25

Gly Gly Lys

Glu Leu Glu

Gly Cys Lys
75

Ser Glu Glu
90

Val His Glu
105
Ile Glu Glu

Ala Asp Thr

Gln Asn Leu

Ala Ala Thr
Gly Lys Leu
30

Lys Lys Tyr
45

Arg Phe Ala
60

Gln Ile Ile

Leu Arg Ser

Lys Ile Glu
110

Glu Gln Asn
125

Gly Asn Ser
140

Gln Gly Gln

of subtype A,

Arg Val

15

Asp Ala

Arg Leu

Leu Asn

Gly Gln
80

Leu Tyr

95

Val Lys

Lys Ser

Ser Gln

Met Val
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-continued

94

145

Glu

Ser

Gly

Glu

225

Ala

Thr

Ile

Lys

Gly

305

Leu

Thr

Ala

Gly

Ser

385

Gly

Ile

Gly

Phe

Leu

465

Phe

Glu

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Gln

Glu

Glu

Gly

210

Ala

Pro

Ser

Pro

Ile

290

Pro

Arg

Leu

Leu

Val

370

Gln

Pro

Ala

Lys

Leu

450

Gln

Gly

Leu

Ser

Ala

Lys

Gly

195

His

Ala

Gly

Thr

Val

275

Val

Lys

Ala

Leu

Gly

355

Gly

Ala

Arg

Arg

Glu

435

Gly

Ser

Glu

Tyr

Gln
515

Ile

Ala

180

Ala

Gln

Glu

Gln

Leu

260

Gly

Arg

Glu

Glu

Val

340

Pro

Gly

Thr

Arg

Asn

420

Gly

Lys

Arg

Glu

Pro
500

Tyr

43

Ser

165

Phe

Thr

Ala

Trp

Met

245

Gln

Asp

Met

Pro

Gln

325

Gln

Gly

Pro

Asn

Ile

405

Cys

His

Ile

Pro

Ile

485

Leu

Pro

SEQ ID NO 13
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

150

Pro

Ser

Pro

Ala

Asp

230

Arg

Glu

Ile

Tyr

Phe

310

Ala

Asn

Ala

Gly

Ser

390

Val

Arg

Gln

Trp

Glu

470

Thr

Ala

Tyr

Arg

Pro

Gln

Met

215

Arg

Glu

Gln

Tyr

Ser

295

Arg

Ser

Ala

Thr

His

375

Asn

Lys

Ala

Met

Pro

455

Pro

Pro

Ser

Asp

Thr

Glu

Asp

200

Gln

Leu

Pro

Ile

Lys

280

Pro

Asp

Gln

Asn

Leu

360

Lys

Ile

Cys

Pro

Lys

440

Ser

Thr

Ser

Leu

Val
520

Leu

Val

185

Leu

Met

His

Arg

Gly

265

Arg

Val

Tyr

Asp

Pro

345

Glu

Ala

Met

Phe

Arg

425

Asp

His

Ala

Pro

Lys

505

Pro

IgE Primer

Asn

170

Ile

Asn

Leu

Pro

Gly

250

Trp

Trp

Ser

Val

Val

330

Asp

Glu

Arg

Met

Asn

410

Lys

Cys

Lys

Pro

Lys

490

Ser

Asp

155

Ala

Pro

Thr

Lys

Val

235

Ser

Met

Ile

Ile

Asp

315

Lys

Cys

Met

Val

Gln

395

Cys

Lys

Thr

Gly

Pro

475

Gln

Leu

Tyr

Trp

Met

Met

Asp

220

His

Asp

Thr

Ile

Leu

300

Arg

Asn

Lys

Met

Leu

380

Arg

Gly

Gly

Glu

Arg

460

Ala

Glu

Phe

Ala

Sequence 1

Val

Phe

Leu

205

Thr

Ala

Ile

Ser

Leu

285

Asp

Phe

Trp

Thr

Thr

365

Ala

Gly

Lys

Cys

Arg

445

Pro

Glu

Pro

Gly

Lys

Ser

190

Asn

Ile

Gly

Ala

Asn

270

Gly

Ile

Phe

Met

Ile

350

Ala

Glu

Asn

Glu

Trp

430

Gln

Gly

Ser

Lys

Asn
510

Val

175

Ala

Thr

Asn

Pro

Gly

255

Pro

Leu

Arg

Lys

Thr

335

Leu

Cys

Ala

Phe

Gly

415

Lys

Ala

Asn

Phe

Asp

495

Asp

160

Ile

Leu

Val

Glu

Ile

240

Thr

Pro

Asn

Gln

Thr

320

Glu

Arg

Gln

Met

Arg

400

His

Cys

Asn

Phe

Gly

480

Arg

Pro



US 9,290,546 B2
95

-continued

<400> SEQUENCE: 13

gtcegeteege tagettgtgg gtcacagtet attatggggt acc

<210> SEQ ID NO 14

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE Primer Sequence 2

<400> SEQUENCE: 14

ggtcggatcee ttactccacc actctecttt ttgec

<210> SEQ ID NO 15

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IgE leader sequence

<400> SEQUENCE: 15

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His

<210> SEQ ID NO 16

<211> LENGTH: 692

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Subtype A consensus Envelope protein sequence

<400> SEQUENCE: 16

Ser Arg Val Met Gly Ile Gln Arg Asn Cys Gln His Leu Trp Arg Trp
1 5 10 15

Gly Thr Met Ile Leu Gly Met Ile Ile Ile Cys Ser Ala Ala Glu Asn
20 25 30

Leu Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Asp Ala Glu
Thr Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Asp Thr Glu Val
50 55 60

His Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn Pro
65 70 75 80

Gln Glu Ile Asn Leu Glu Asn Val Thr Glu Glu Phe Asn Met Trp Lys
85 90 95

Asn Asn Met Val Glu Gln Met His Thr Asp Ile Ile Ser Leu Trp Asp
100 105 110

Gln Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu
115 120 125

Asn Cys Ser Asn Val Asn Val Thr Thr Asn Ile Met Lys Gly Glu Ile
130 135 140

Lys Asn Cys Ser Phe Asn Met Thr Thr Glu Leu Arg Asp Lys Lys Gln
145 150 155 160

Lys Val Tyr Ser Leu Phe Tyr Lys Leu Asp Val Val Gln Ile Asn Lys
165 170 175

Ser Asn Ser Ser Ser Gln Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala
180 185 190

Ile Thr Gln Ala Cys Pro Lys Val Ser Phe Glu Pro Ile Pro Ile His
195 200 205
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-continued

98

Tyr

Phe

225

Leu

Ala

Thr

Gln

305

Ala

Asn

Gly

Trp

385

Thr

Arg

Cys

Asn

Asp

465

Pro

Glu

Ala

Ala

Arg

545

Ile

Asp

Thr

Glu

Cys

210

Asn

Gly

Ala

Lys

Arg

290

Ala

Cys

Lys

Ser

Gly

370

Asn

Ile

Val

Glu

Asn

450

Asn

Leu

Lys

Ala

Arg

530

Ala

Lys

Gln

Thr

Ile
610

Ala

Gly

Ile

Glu

Asn

275

Pro

Phe

Asn

Gln

Ser

355

Glu

Gly

Thr

Gly

Ser

435

Ser

Trp

Gly

Arg

Gly

515

Gln

Ile

Gln

Gln

Asn

595

Trp

Pro

Thr

Lys

Glu

260

Ile

Asn

Tyr

Val

Leu

340

Gly

Phe

Asn

Leu

Gln

420

Asn

Lys

Arg

Val

Ala

500

Ser

Leu

Glu

Leu

Leu

580

Val

Asp

Ala

Gly

Pro

245

Glu

Ile

Asn

Ala

Ser

325

Arg

Gly

Phe

Gly

Pro

405

Ala

Ile

Asn

Ser

Ala

485

Val

Thr

Leu

Ala

Gln
565
Leu

Pro

Asn

Gly

Pro

230

Val

Val

Val

Asn

Thr

310

Arg

Lys

Arg

Tyr

Thr

390

Cys

Met

Thr

Glu

Glu

470

Pro

Gly

Met

Ser

Gln

550

Ala

Gly

Trp

Met

Phe

215

Cys

Val

Met

Gln

Thr

295

Gly

Thr

Tyr

Leu

Cys

375

Lys

Arg

Tyr

Gly

Thr

455

Leu

Thr

Ile

Gly

Gly

535

Gln

Arg

Ile

Asn

Thr
615

Ala

Lys

Ser

Ile

Leu

280

Arg

Asp

Glu

Phe

Arg

360

Asn

Lys

Ile

Ala

Leu

440

Phe

Tyr

Lys

Gly

Ala

520

Ile

His

Val

Trp

Ser
600

Trp

Ile

Asn

Thr

Arg

265

Thr

Lys

Ile

Trp

Asn

345

Ile

Thr

Lys

Lys

Pro

425

Leu

Arg

Lys

Ala

Ala

505

Ala

Val

Leu

Leu

Gly
585

Ser

Leu

Leu

Val

Gln

250

Ser

Lys

Ser

Ile

Asn

330

Asn

Thr

Ser

Asn

Gln

410

Pro

Leu

Pro

Tyr

Lys

490

Val

Ser

Gln

Leu

Ala

570

Cys

Trp

Gln

Lys

Ser

235

Leu

Glu

Pro

Ile

Gly

315

Glu

Lys

Thr

Gly

Ser

395

Ile

Ile

Thr

Gly

Lys

475

Arg

Phe

Ile

Gln

Lys

555

Val

Ser

Ser

Trp

Cys

220

Thr

Leu

Asn

Val

Arg

300

Asp

Thr

Thr

His

Leu

380

Thr

Ile

Gln

Arg

Gly

460

Val

Arg

Leu

Thr

Gln

540

Leu

Glu

Gly

Asn

Asp
620

Lys

Val

Leu

Ile

Lys

285

Ile

Ile

Leu

Ile

Ser

365

Phe

Glu

Asn

Gly

Asp

445

Gly

Val

Val

Gly

Leu

525

Ser

Thr

Arg

Lys

Lys

605

Lys

Asp

Gln

Asn

Thr

270

Ile

Gly

Arg

Gln

Ile

350

Phe

Asn

Ser

Met

Val

430

Gly

Asp

Lys

Val

Phe

510

Thr

Asn

Val

Tyr

Leu

590

Ser

Glu

Lys

Cys

Gly

255

Asn

Asn

Pro

Gln

Lys

335

Phe

Asn

Ser

Asn

Trp

415

Ile

Gly

Met

Ile

Glu

495

Leu

Val

Leu

Trp

Leu
575
Ile

Gln

Ile

Glu

Thr

240

Ser

Asn

Cys

Gly

Ala

320

Val

Thr

Cys

Thr

Asp

400

Gln

Arg

Asp

Arg

Glu

480

Arg

Gly

Gln

Leu

Gly

560

Lys

Cys

Ser

Ser
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-continued

100

Asn Tyr Thr Asp Ile Ile Tyr Asn Leu

625 630

Gln Glu Lys Asn Glu Gln Asp Leu Leu

645

Leu Trp Asn Trp Phe Asp Ile Ser Asn
660 665

Phe Ile Met Ile Val Gly Gly Leu Ile

675 680
Val Leu Ser Val
690

<210> SEQ ID NO 17

<211> LENGTH: 697

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 17

Arg Val Lys Gly Ile Arg Lys

1

Thr

Trp

Thr

Asn

65

Glu

Asn

Ser

Cys

Cys

145

Tyr

Thr

Cys

Ala

Gly
225
Pro

Glu

Ile

Met

Val

Leu

50

Val

Val

Met

Leu

Thr

130

Ser

Ala

Ser

Pro

Gly

210

Pro

Val

Val

Val

Leu

Thr

35

Phe

Trp

Val

Val

Lys

115

Asp

Phe

Leu

Tyr

Lys

195

Phe

Cys

Val

Val

Gln
275

5

Leu Gly Met Leu

20

Val Tyr Tyr Gly

Cys Ala Ser Asp

Ala Thr His Ala

70

Leu Glu Asn Val
85

Glu Gln Met His
100

Pro Cys Val Lys

Leu Ser Gly Glu
135

Asn Ile Thr Thr
150

Phe Tyr Lys Leu

165

Arg Leu Ile Ser
180

Val Ser Phe Glu
Ala Ile Leu Lys
215

Thr Asn Val
230

Ser
Ser Thr Gln Leu
245

Ile Arg Ser Glu
260

Leu Asn Glu Ser

Asn

Met

Val

40

Ala

Cys

Thr

Glu

Leu

120

Lys

Ser

Asp

Cys

Pro

200

Cys

Thr

Leu

Asn

Val
280

Tyr

Ile

25

Pro

Lys

Val

Glu

Asp

105

Thr

Met

Ile

Val

Asn

185

Ile

Asn

Val

Leu

Phe

265

Glu

Ile
Ala
650

Trp

Gly

Gln

10

Cys

Val

Ala

Pro

Asn

90

Ile

Pro

Glu

Arg

Val

170

Thr

Pro

Asp

Gln

Asn
250

Thr

Ile

Glu Glu Ser Gln
635

Leu Asp Lys Trp

Leu Trp Tyr Ile
670

Leu Arg Ile Val
685

His Leu Trp Arg

Ser Ala Ala Glu
30

Trp Lys Glu Ala
45

Tyr Asp Thr Glu

Thr Asp Pro Asn
75

Phe Asn Met Trp

Ile Ser Leu Trp

110
Leu Cys Val Thr
125

Lys Gly Glu Ile
140

Asp Lys Val Gln
155

Pro Ile Asp Asn

Ser Val Ile Thr

190
Ile His Tyr Cys
205
Phe Asn

Lys Lys

220

Cys
235

Thr His Gly

Gly Ser Leu Ala

Asn Asn Ala Lys

270

Asn Cys Thr Arg

285

Asn
Ala
655

Lys

Phe

Trp

15

Lys

Thr

Val

Pro

Lys

95

Asp

Leu

Lys

Lys

Asp

175

Gln

Ala

Gly

Ile

Glu
255

Thr

Pro

Gln

640

Asn

Ile

Ala

Subtype B consensus Envelope protein sequence

Gly

Leu

Thr

His

Gln

80

Asn

Gln

Asn

Asn

Glu

160

Asn

Ala

Pro

Thr

Arg

240

Glu

Ile

Asn
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-continued

102

Asn

Thr

305

Ser

Arg

Gly

Phe

Gly

385

Cys

Met

Thr

Thr

Ser

465

Ala

Thr

Leu

Ala

545

Gln

Leu

Pro

Asn

Leu

625

Glu

Phe

Tyr

Asn

290

Thr

Arg

Glu

Arg

Tyr

370

Thr

Arg

Tyr

Gly

Glu

450

Glu

Pro

Gly

Met

Ser

530

Gln

Ala

Gly

Trp

Met

610

Ile

Gln

Asp

Gly

Pro
690

Thr

Gly

Ala

Gln

Pro

355

Cys

Trp

Ile

Ala

Leu

435

Ile

Leu

Thr

Ile

Gly

515

Gly

Gln

Arg

Ile

Asn

595

Thr

Tyr

Glu

Ile

Gly
675

Tyr

Arg

Glu

Lys

Phe

340

Arg

Asn

Asn

Lys

Pro

420

Leu

Phe

Tyr

Lys

Gly

500

Ala

Ile

His

Val

Trp

580

Ala

Trp

Thr

Leu

Thr
660

Leu

Asp

Lys

Ile

Trp

325

Gly

Ile

Thr

Asn

Gln

405

Pro

Leu

Arg

Lys

Ala

485

Ala

Ala

Val

Leu

Leu

565

Gly

Ser

Met

Leu

Leu
645
Asn

Ile

Val

Ser

Ile

310

Asn

Asn

Val

Thr

Asn

390

Ile

Ile

Thr

Pro

Tyr

470

Lys

Met

Ser

Gln

Leu

550

Ala

Cys

Trp

Glu

Ile

630

Glu

Trp

Gly

Pro

Ile

295

Gly

Asn

Lys

Met

Gln

375

Thr

Ile

Arg

Arg

Gly

455

Lys

Arg

Phe

Met

Gln

535

Gln

Val

Ser

Ser

Trp

615

Glu

Leu

Leu

Leu

Asp
695

His

Asp

Thr

Thr

His

360

Leu

Glu

Asn

Gly

Asp

440

Gly

Val

Arg

Leu

Thr

520

Gln

Leu

Glu

Gly

Asn

600

Glu

Glu

Asp

Trp

Arg

680

Tyr

Ile

Ile

Leu

Ile

345

Ser

Phe

Gly

Met

Gln

425

Gly

Gly

Val

Val

Gly

505

Leu

Asn

Thr

Arg

Lys

585

Lys

Arg

Ser

Lys

Tyr

665

Ile

Ala

Gly

Arg

Lys

330

Val

Phe

Asn

Asn

Trp

410

Ile

Gly

Asp

Lys

Val

490

Phe

Thr

Asn

Val

Tyr

570

Leu

Ser

Glu

Gln

Trp

650

Ile

Val

Pro

Gln

315

Gln

Phe

Asn

Ser

Asp

395

Gln

Arg

Asn

Met

Ile

475

Gln

Leu

Val

Leu

Trp

555

Leu

Ile

Leu

Ile

Asn

635

Ala

Lys

Phe

Gly

300

Ala

Ile

Asn

Cys

Thr

380

Thr

Glu

Cys

Asn

Arg

460

Glu

Arg

Gly

Gln

Leu

540

Gly

Lys

Cys

Asp

Asp

620

Gln

Ser

Ile

Ala

Gln

His

Val

Gln

Gly

365

Trp

Ile

Val

Ser

Asn

445

Asp

Pro

Glu

Ala

Ala

525

Arg

Ile

Asp

Thr

Glu

605

Asn

Gln

Leu

Phe

Val
685

Ala

Cys

Lys

Ser

350

Gly

Asn

Thr

Gly

Ser

430

Thr

Asn

Leu

Lys

Ala

510

Arg

Ala

Lys

Gln

Thr

590

Ile

Tyr

Glu

Trp

Ile
670

Leu

Phe

Asn

Lys

335

Ser

Glu

Val

Leu

Lys

415

Asn

Asn

Trp

Gly

Arg

495

Gly

Gln

Ile

Gln

Gln

575

Thr

Trp

Thr

Lys

Asn
655

Met

Ser

Tyr

Ile

320

Leu

Gly

Phe

Asn

Pro

400

Ala

Ile

Glu

Arg

Val

480

Ala

Ser

Leu

Glu

Leu

560

Leu

Val

Asp

Ser

Asn
640
Trp

Ile

Ile
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103 104

-continued

<210> SEQ ID NO 18

<211> LENGTH: 687

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Subtype C consensus Envelope protein sequence

<400> SEQUENCE: 18

Arg Val Arg Gly Ile Leu Arg Asn Cys Gln Gln Trp Trp Ile Trp Gly
1 5 10 15

Ile Leu Gly Phe Trp Met Leu Met Ile Cys Asn Val Met Gly Asn Leu
20 25 30

Trp Val Thr Val Tyr Tyr Gly Val Pro Val Trp Lys Glu Ala Lys Thr
35 40 45

Thr Leu Phe Cys Ala Ser Asp Ala Lys Ala Tyr Glu Thr Glu Val His
50 55 60

Asn Val Trp Ala Thr His Ala Cys Val Pro Thr Asp Pro Asn Pro Gln
65 70 75 80

Glu Met Val Leu Glu Asn Val Thr Glu Asn Phe Asn Met Trp Lys Asn
85 90 95

Asp Met Val Asp Gln Met His Glu Asp Ile Ile Ser Leu Trp Asp Gln
100 105 110

Ser Leu Lys Pro Cys Val Lys Leu Thr Pro Leu Cys Val Thr Leu Asn
115 120 125

Cys Arg Asn Asn Val Asn Asn Asn Asn Thr Met Lys Glu Glu Ile Lys
130 135 140

Asn Cys Ser Phe Asn Ile Thr Thr Glu Leu Arg Asp Lys Lys Gln Lys
145 150 155 160

Val Tyr Ala Leu Phe Tyr Arg Leu Asp Ile Val Pro Leu Asn Glu Lys
165 170 175

Asn Asn Ser Asn Asp Tyr Arg Leu Ile Asn Cys Asn Thr Ser Ala Ile
180 185 190

Thr Gln Ala Cys Pro Lys Val Ser Phe Asp Pro Ile Pro Ile His Tyr
195 200 205

Cys Ala Pro Ala Gly Tyr Ala Ile Leu Lys Cys Asn Asn Lys Thr Phe
210 215 220

Asn Gly Thr Gly Pro Cys Asn Asn Val Ser Thr Val Gln Cys Thr His
225 230 235 240

Gly Ile Lys Pro Val Val Ser Thr Gln Leu Leu Leu Asn Gly Ser Leu
245 250 255

Ala Glu Glu Glu Ile Ile Ile Arg Ser Glu Asn Leu Thr Asn Asn Ala
260 265 270

Lys Thr Ile Ile Val His Leu Asn Glu Ser Val Glu Ile Val Cys Thr
275 280 285

Arg Pro Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile Gly Pro Gly Gln
290 295 300

Thr Phe Tyr Ala Thr Gly Asp Ile Ile Gly Asp Ile Arg Gln Ala His
305 310 315 320

Cys Asn Ile Ser Glu Glu Lys Trp Asn Lys Thr Leu Gln Arg Val Ser
325 330 335

Glu Lys Leu Lys Glu His Phe Pro Asn Lys Thr Ile Lys Phe Ala Pro
340 345 350

Ser Ser Gly Gly Arg Leu Glu Ile Thr Thr His Ser Phe Asn Cys Arg
355 360 365

Gly Glu Phe Phe Tyr Cys Asn Thr Ser Lys Leu Phe Asn Ser Thr Tyr
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-continued

106

Met

385

Arg

Tyr

Gly

Glu

Glu

465

Pro

Gly

Met

Ser

Gln

545

Thr

Gly

Trp

Met

Ile

625

Lys

Asp

Gly

<210>
<211>
<212>
<213>
<220>
<223>

370

Pro

Ile

Ala

Leu

Thr

450

Leu

Thr

Ile

Gly

Gly

530

Gln

Arg

Ile

Asn

Thr

610

Tyr

Asp

Ile

Gly

Asn

Lys

Pro

Leu

435

Phe

Tyr

Lys

Gly

Ala

515

Ile

His

Val

Trp

Ser

595

Trp

Arg

Leu

Thr

Leu
675

Ser

Gln

Pro

420

Leu

Arg

Lys

Ala

Ala

500

Ala

Val

Met

Leu

Gly

580

Ser

Met

Leu

Leu

Asn

660

Ile

PRT

<400> SEQUENCE:

Thr

Ile

405

Ile

Thr

Pro

Tyr

Lys

485

Val

Ser

Gln

Leu

Ala

565

Cys

Trp

Gln

Leu

Ala

645

Trp

Gly

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

696

19

Asn

390

Ile

Glu

Arg

Gly

Lys

470

Arg

Phe

Ile

Gln

Gln

550

Ile

Ser

Ser

Trp

Glu

630

Leu

Leu

Leu

Arg Val Arg Gly Ile Lys

1

5

Thr Met Leu Leu Gly Met

20

Trp Val Thr Val Tyr Tyr

35

Thr Leu Phe Cys Ala Ser

375

Asn

Asn

Gly

Asp

Gly

455

Val

Arg

Leu

Thr

Gln

535

Leu

Glu

Gly

Asn

Asp

615

Asp

Asp

Trp

Arg

Subtype D consensus Envelope protein sequence

Arg

Leu

Gly

Asp

Thr

Met

Asn

Gly

440

Gly

Val

Val

Gly

Leu

520

Ser

Thr

Arg

Lys

Lys

600

Arg

Ser

Ser

Tyr

Ile
680

Asn

Met

Val

40

Ala

Asn

Trp

Ile

425

Gly

Asp

Glu

Val

Phe

505

Thr

Asn

Val

Tyr

Leu

585

Ser

Glu

Gln

Trp

Ile

665

Ile

Tyr
Thr
25

Pro

Lys

Thr

Gln

410

Thr

Lys

Met

Ile

Glu

490

Leu

Val

Leu

Trp

Leu

570

Ile

Gln

Ile

Asn

Lys

650

Lys

Phe

Thr

395

Glu

Cys

Asn

Arg

Lys

475

Arg

Gly

Gln

Leu

Gly

555

Lys

Cys

Glu

Ser

Gln

635

Asn

Ile

Ala

380

Ile

Val

Lys

Asp

Asp

460

Pro

Glu

Ala

Ala

Arg

540

Ile

Asp

Thr

Asp

Asn

620

Gln

Leu

Phe

Val

Gln His Leu

10

Cys Ser Val

Val Trp Lys

Ser Tyr Lys

Thr Leu

Gly Arg

Ser Asn

430

Thr Asn
445

Asn Trp

Leu Gly

Lys Arg

Ala Gly

510

Arg Gln
525

Ala Ile

Lys Gln

Gln Gln

Thr Ala
590

Ile Trp
605

Tyr Thr

Glu Lys

Trp Asn

Ile Met
670

Leu Ser
685

Trp Lys
Ala Glu
30

Glu Ala
45

Thr Glu

Pro

Ala

415

Ile

Asp

Arg

Val

Ala

495

Ser

Leu

Glu

Leu

Leu

575

Val

Asp

Asp

Asn

Trp

655

Ile

Ile

Trp

15

Asn

Thr

Ala

Cys

400

Met

Thr

Thr

Ser

Ala

480

Val

Thr

Leu

Ala

Gln

560

Leu

Pro

Asn

Thr

Glu

640

Phe

Val

Gly

Leu

Thr

His
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-continued

108

Asn

65

Glu

Asn

Ser

Cys

Glu

145

Arg

Asn

Glu

Lys

225

Ser

Leu

Glu

Ser

Ile

305

Gly

Lys

Thr

Thr

Arg

385

Lys

Asn

Gly

Asp

Gly
465

50

Ile

Ile

Met

Leu

Thr

130

Glu

Asp

Pro

Cys

Pro

210

Cys

Thr

Leu

Asn

Val

290

Pro

Asp

Thr

Thr

His

370

Leu

Glu

Met

Leu

Gly
450

Asp

Trp

Glu

Val

Lys

115

Asp

Gly

Lys

Ile

Asn

195

Ile

Lys

Val

Leu

Leu

275

Thr

Ile

Ile

Leu

Ile

355

Ser

Phe

Asn

Trp

Ile
435

Gly

Met

Ala

Leu

Glu

100

Pro

Gly

Glu

Lys

Asp

180

Thr

Pro

Asp

Gln

Asn

260

Thr

Ile

Gly

Arg

Gln

340

Ile

Phe

Asn

Asn

Gln
420
Lys

Ala

Arg

Thr

Glu

85

Gln

Cys

Met

Met

Lys

165

Asp

Ser

Ile

Lys

Cys

245

Gly

Asn

Asn

Leu

Gln

325

Gln

Phe

Asn

Ser

Thr

405

Gly

Cys

Asn

Asp

His

70

Asn

Met

Val

Arg

Lys

150

Gln

Asn

Ala

His

Lys

230

Thr

Ser

Asn

Cys

Gly

310

Ala

Val

Lys

Cys

Thr

390

Ile

Val

Ser

Asn

Asn
470

55

Ala

Val

His

Lys

Asn

135

Asn

Val

Asn

Ile

Tyr

215

Phe

His

Leu

Ala

Thr

295

Gln

His

Ala

Pro

Gly

375

Trp

Thr

Gly

Ser

Ser
455

Trp

Cys

Thr

Glu

Leu

120

Asp

Cys

His

Thr

Thr

200

Cys

Asn

Gly

Ala

Lys

280

Arg

Ala

Cys

Lys

Ser

360

Gly

Ser

Leu

Lys

Asn
440

His

Arg

Val

Glu

Asp

105

Thr

Thr

Ser

Ala

Asn

185

Gln

Ala

Gly

Ile

Glu

265

Ile

Pro

Phe

Asn

Lys

345

Ser

Glu

Lys

Pro

Ala
425
Ile

Asn

Ser

Pro

Asn

90

Ile

Pro

Asn

Phe

Leu

170

Asn

Ala

Pro

Thr

Arg

250

Glu

Ile

Tyr

Tyr

Ile

330

Leu

Gly

Phe

Asn

Cys

410

Met

Thr

Glu

Glu

Thr

75

Phe

Ile

Leu

Asp

Asn

155

Phe

Ser

Cys

Ala

Gly

235

Pro

Glu

Ile

Asn

Thr

315

Ser

Gly

Gly

Phe

Ser

395

Arg

Tyr

Gly

Thr

Leu
475

60

Asp

Asn

Ser

Cys

Thr

140

Ile

Tyr

Asn

Pro

Gly

220

Pro

Val

Ile

Val

Asn

300

Thr

Gly

Asp

Arg

Tyr

380

Thr

Ile

Ala

Leu

Phe
460

Tyr

Pro

Met

Leu

Val

125

Asn

Thr

Lys

Tyr

Lys

205

Phe

Cys

Val

Ile

Gln

285

Thr

Arg

Ala

Leu

Pro

365

Cys

Ser

Lys

Pro

Leu
445

Arg

Lys

Asn

Trp

Trp

110

Thr

Val

Thr

Leu

Arg

190

Val

Ala

Lys

Ser

Ile

270

Leu

Arg

Gly

Glu

Leu

350

Arg

Asn

Asn

Gln

Pro
430
Leu

Pro

Tyr

Pro

Lys

95

Asp

Leu

Thr

Glu

Asp

175

Leu

Thr

Ile

Asn

Thr

255

Arg

Asn

Lys

Ile

Trp

335

Asn

Ile

Thr

Ser

Ile

415

Ile

Thr

Gly

Lys

Gln

80

Asn

Gln

Asn

Met

Val

160

Val

Ile

Phe

Leu

Val

240

Gln

Ser

Glu

Arg

Ile

320

Asn

Lys

Thr

Ser

Thr

400

Ile

Glu

Arg

Gly

Val
480
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-continued

110

Gly

Leu

Asn

545

Thr

Arg

Lys

Lys

Arg

625

Ser

Lys

Tyr

Ile

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ser

Arg

Glu

Asp

65

Asp

Tyr

Gln

Arg

Lys

Val

Phe

Thr

530

Asn

Val

Tyr

His

Ser

610

Glu

Gln

Trp

Ile

Val
690

Lys

Ala

Lys

Cys

50

Arg

Leu

Ser

Gly

Tyr
130

Ile

Glu

Leu

515

Val

Leu

Trp

Leu

Ile

595

Leu

Ile

Thr

Ala

Lys

675

Phe

Arg

Glu

His

Ala

Ala

Ser

Gln

Tyr

115

Pro

Glu

Arg

500

Gly

Gln

Leu

Gly

Lys

580

Cys

Asp

Asp

Gln

Ser

660

Ile

Ala

PRT

SEQUENCE :

Ser

Pro

20

Gly

Trp

Gln

His

Lys

100

Phe

Leu

Pro

485

Glu

Ala

Ala

Arg

Ile

565

Asp

Thr

Glu

Asn

Gln

645

Leu

Phe

Val

SEQ ID NO 20
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

323

20

Val

Ala

Ala

Leu

Val

Phe

85

Arg

Pro

Thr

Leu

Lys

Ala

Arg

Ala

550

Lys

Gln

Thr

Ile

Tyr

630

Glu

Trp

Ile

Leu

Val

Ala

Ile

Glu

Ala

70

Leu

Gln

Asp

Phe

Gly

Arg

Gly

Gln

535

Ile

Gln

Gln

Thr

Trp

615

Thr

Lys

Asn

Met

Ser
695

Subtype B consensus Nef-Rev protein sequence

Gly

Asp

Thr

Ala

55

Leu

Lys

Asp

Trp

Gly
135

Val

Ala

Ser

520

Leu

Glu

Leu

Leu

Val

600

Asn

Gly

Asn

Trp

Ile

680

Leu

Trp

Gly

Ser

40

Gln

Arg

Glu

Ile

Gln
120

Trp

Ala

Ile

505

Thr

Leu

Ala

Gln

Leu

585

Pro

Asn

Leu

Glu

Phe

665

Val

Pro

Val

25

Ser

Glu

Ala

Lys

Leu
105

Asn

Cys

Pro

490

Gly

Met

Ser

Gln

Ala

570

Gly

Trp

Met

Ile

Gln

650

Ser

Gly

Thr

10

Gly

Asn

Glu

Met

Gly
90
Asp

Tyr

Phe

Thr

Leu

Gly

Gly

Gln

555

Arg

Ile

Asn

Thr

Tyr

635

Glu

Ile

Gly

Val

Ala

Thr

Glu

Thr

75

Gly

Leu

Thr

Lys

Arg

Gly

Ala

Ile

540

His

Ile

Trp

Ser

Trp

620

Ser

Leu

Thr

Leu

Arg

Val

Ala

Glu

60

Tyr

Leu

Trp

Pro

Leu
140

Ala

Ala

Ala

525

Val

Leu

Leu

Gly

Ser

605

Met

Leu

Leu

Gln

Ile
685

Glu

Ser

Ala

45

Val

Lys

Glu

Val

Gly
125

Val

Lys

Met

510

Ser

Gln

Leu

Ala

Cys

590

Trp

Glu

Ile

Glu

Trp

670

Gly

Arg

Arg

30

Asn

Gly

Ala

Gly

Tyr

110

Pro

Pro

Arg

495

Phe

Leu

Gln

Gln

Val

575

Ser

Ser

Trp

Glu

Leu

655

Leu

Leu

Met

15

Asp

Asn

Phe

Ala

Leu

95

His

Gly

Val

Arg

Leu

Thr

Gln

Leu

560

Glu

Gly

Asn

Glu

Glu

640

Asp

Trp

Arg

Arg

Leu

Ala

Pro

Val

80

Ile

Thr

Ile

Glu
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-continued

112

Pro
145

Leu

Ala

Leu

225

Thr

Arg

Arg

Thr

Gly

305

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Glu

Pro

Trp

His

Gly

210

Ile

Arg

Gln

Pro

Leu

290

Ser

Lys

Lys

Met

Lys

Pro

195

Arg

Lys

Gln

Ile

Ala

275

Asp

Pro

Glu

Val

Ser

Phe

180

Glu

Ser

Phe

Ala

Arg

260

Glu

Cys

Gln

PRT

Glu

Leu

165

Asp

Tyr

Gly

Leu

Arg

245

Ser

Pro

Asn

Ile

SEQ ID NO 21
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Gag consensus protein sequence

506

B, C and D

<400> SEQUENCE:

Gly

1

Lys

Leu

Leu

Pro

65

Lys

Lys

Gln

Ala
145

Lys

Ala

Ile

Val

Leu

50

Ala

Ala

Glu

Ala

Asn

130

Ile

Ala

Arg

Arg

Trp

35

Glu

Leu

Thr

Ala

Gln

115

Tyr

Ser

Phe

Ala

Leu

20

Ala

Thr

Gln

Leu

Leu

100

Gln

Pro

Pro

Ser

Ser

Arg

Ser

Ser

Thr

Tyr

85

Asp

Ala

Ile

Arg

Pro
165

Glu

150

His

Ser

Tyr

Asp

Tyr

230

Arg

Ile

Val

Glu

Leu
310

Val

Pro

Arg

Glu

Gly

Cys

Lys

Ala

Val

Thr

150

Glu

Ala

Gly

Arg

Lys

Ser

215

Gln

Asn

Ser

Pro

Asp

295

Val

Leu

Gly

Glu

Gly

55

Ser

Val

Ile

Ala

Gln
135

Leu

Val

Asn

Met

Leu

Asp

200

Asp

Ser

Arg

Glu

Leu

280

Cys

Glu

Ser

Gly

Leu

40

Cys

Glu

His

Glu

Asp
120
Asn

Asn

Ile

Glu

Asp

Ala

185

Cys

Glu

Asn

Arg

Trp

265

Gln

Gly

Ser

Gly

Lys

25

Glu

Lys

Glu

Glu

Glu

105

Thr

Leu

Ala

Pro

Gly

Asp

170

Phe

Arg

Glu

Pro

Arg

250

Ile

Leu

Thr

Pro

Gly

Lys

Arg

Gln

Leu

Lys

90

Glu

Gly

Gln

Trp

Met
170

Glu

155

Pro

His

Gly

Leu

Pro

235

Arg

Leu

Pro

Ser

Ala
315

Lys

Lys

Phe

Ile

Arg

Ile

Gln

Asn

Gly

Val

155

Phe

Asn

Glu

His

Arg

Leu

220

Pro

Trp

Ser

Pro

Gly

300

Val

Leu

Tyr

Ala

Ile

60

Ser

Glu

Asn

Ser

Gln
140

Lys

Ser

Asn

Arg

Met

Lys

205

Lys

Ser

Arg

Thr

Leu

285

Thr

Leu

Asp

Arg

Leu

45

Gly

Leu

Val

Lys

Ser

125

Met

Val

Ala

Ser

Glu

Ala

190

Arg

Thr

Pro

Glu

Tyr

270

Glu

Gln

Glu

Ala

Leu

30

Asn

Gln

Tyr

Lys

Ser

110

Gln

Val

Ile

Leu

Ala

Val

175

Arg

Arg

Val

Glu

Arg

255

Leu

Arg

Gly

Ser

of subtype A,

Trp

Lys

Pro

Leu

Asn

Asp

95

Lys

Val

His

Glu

Ser
175

Ala

160

Leu

Glu

Ser

Arg

Gly

240

Gln

Gly

Leu

Val

Gly
320

Glu

His

Gly

Gln

Thr

80

Thr

Gln

Ser

Gln

Glu

160

Glu
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-continued

114

Gly

Ala
Gly
225

Thr

Lys

Ala

305

Leu

Gly

Gly

Ala

Arg

385

Arg

Glu

Gly

Ser

Glu

465

Tyr

Gln

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Gln

Glu

210

Gln

Leu

Gly

Arg

Glu

290

Glu

Val

Pro

Gly

Thr

370

Arg

Asn

Gly

Lys

Arg

450

Glu

Pro

Tyr

Thr

Ala

195

Trp

Met

Gln

Asp

Met

275

Pro

Gln

Gln

Gly

Pro

355

Asn

Ile

Cys

His

Ile

435

Pro

Ile

Leu

Pro

Pro

180

Ala

Asp

Arg

Glu

Ile

260

Tyr

Phe

Ala

Asn

Ala

340

Gly

Ser

Val

Arg

Gln

420

Trp

Glu

Thr

Ala

Tyr
500

<400> SEQUENCE:

gaattcgeca ccatggactg gacctggate ctgttectgg tggecgeege cacacgggtyg

cacagcttee aggaccccca ggagagegge agaaagetge ctcagetgtg taccgagetg

cagaccacca tccacgacat catcctggag tgtgtgtact gtaagcagca getgetgagg

Gln

Met

Arg

Glu

Gln

245

Tyr

Ser

Arg

Ser

Ala

325

Thr

His

Asn

Lys

Ala

405

Met

Pro

Pro

Pro

Ser

485

Asp

SEQ ID NO 22
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HPV genotype 16 E6-E7 DNA seguence

818

22

Asp

Gln

Leu

Pro

230

Ile

Lys

Pro

Asp

Gln

310

Asn

Leu

Lys

Ile

Cys

390

Pro

Lys

Ser

Thr

Ser

470

Leu

Val

Leu

Met

His

215

Arg

Gly

Arg

Val

Tyr

295

Asp

Pro

Glu

Ala

Met

375

Phe

Arg

Asp

His

Ala

455

Pro

Lys

Pro

Asn

Leu

200

Pro

Gly

Trp

Trp

Ser

280

Val

Val

Asp

Glu

Arg

360

Met

Asn

Lys

Cys

Lys

440

Pro

Lys

Ser

Asp

Thr

185

Lys

Val

Ser

Met

Ile

265

Ile

Asp

Lys

Cys

Met

345

Val

Gln

Cys

Lys

Thr

425

Gly

Pro

Gln

Leu

Tyr
505

Met

Asp

His

Asp

Thr

250

Ile

Leu

Arg

Asn

Lys

330

Met

Leu

Arg

Gly

Gly

410

Glu

Arg

Ala

Glu

Phe

490

Ala

Leu

Thr

Ala

Ile

235

Ser

Leu

Asp

Phe

Trp

315

Thr

Thr

Ala

Gly

Lys

395

Cys

Arg

Pro

Glu

Pro

475

Gly

Asn

Ile

Gly

220

Ala

Asn

Gly

Ile

Phe

300

Met

Ile

Ala

Glu

Asn

380

Glu

Trp

Gln

Gly

Ser

460

Lys

Asn

Thr

Asn

205

Pro

Gly

Pro

Leu

Arg

285

Lys

Thr

Leu

Cys

Ala

365

Phe

Gly

Lys

Ala

Asn

445

Phe

Asp

Asp

Val

190

Glu

Ile

Thr

Pro

Asn

270

Gln

Thr

Glu

Arg

Gln

350

Met

Arg

His

Cys

Asn

430

Phe

Gly

Arg

Pro

Gly

Glu

Ala

Thr

Ile

255

Lys

Gly

Leu

Thr

Ala

335

Gly

Ser

Gly

Ile

Gly

415

Phe

Leu

Phe

Glu

Leu
495

Gly

Ala

Pro

Ser

240

Pro

Ile

Pro

Arg

Leu

320

Leu

Val

Gln

Pro

Ala

400

Lys

Leu

Gln

Gly

Leu

480

Ser
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115 116

-continued
agagaggtgt acgaccggga cctgtgtatce gtgtacaggg acggcaatcce ctacgecgtg 240
tgtgacaagt gcctgaagtt ctacagcaag atcagcgagt accggcacta ctgctacage 300
ctgtacggca ccaccctgga gcagcagtac aacaagcccece tgtgtgacct gctgatccegg 360
tgtatcaact gccagaagcc cctgcagaga cacctggaca agaagcagceyg gttccacaac 420
atcaggggca gatggaccgg cagatgtatg agetgctgece ggagcagcag aaccagaagg 480
gagacccage tgagaggccg gaagagaaga agccacggceg atacccccac cctgcacgag 540
tacatgctgg acctgcagcce tgagaccacc gatctgtacyg gctacggeca gctgaatgac 600
agcagcgagg aggaggatga gatcgacgge cctgecggece aggecgagece cgacagagcce 660
cactacaaca tcgtgacctt ttgctgtaag tgtgacagca ccctgagact gtgegtgcag 720
agcacccacg tggacatcag aaccctggag gatctgctga tgggcaccct gggcategtg 780
tgtcccatct gectceccagaa accctgatga gcggecgce 818

<210> SEQ ID NO 23

<211> LENGTH: 264

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: HPV genotype 16 E6-E7 protein sequence

<400> SEQUENCE: 23

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Phe Gln Asp Pro Gln Glu Ser Gly Arg Lys Leu Pro Gln Leu
20 25 30

Cys Thr Glu Leu Gln Thr Thr Ile His Asp Ile Ile Leu Glu Cys Val
35 40 45

Tyr Cys Lys Gln Gln Leu Leu Arg Arg Glu Val Tyr Asp Arg Asp Leu
50 55 60

Cys Ile Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp Lys Cys
65 70 75 80

Leu Lys Phe Tyr Ser Lys Ile Ser Glu Tyr Arg His Tyr Cys Tyr Ser
Leu Tyr Gly Thr Thr Leu Glu Gln Gln Tyr Asn Lys Pro Leu Cys Asp
100 105 110

Leu Leu Ile Arg Cys Ile Asn Cys Gln Lys Pro Leu Gln Arg His Leu
115 120 125

Asp Lys Lys Gln Arg Phe His Asn Ile Arg Gly Arg Trp Thr Gly Arg
130 135 140

Cys Met Ser Cys Cys Arg Ser Ser Arg Thr Arg Arg Glu Thr Gln Leu
145 150 155 160

Arg Gly Arg Lys Arg Arg Ser His Gly Asp Thr Pro Thr Leu His Glu
165 170 175

Tyr Met Leu Asp Leu Gln Pro Glu Thr Thr Asp Leu Tyr Gly Tyr Gly
180 185 190

Gln Leu Asn Asp Ser Ser Glu Glu Glu Asp Glu Ile Asp Gly Pro Ala
195 200 205

Gly Gln Ala Glu Pro Asp Arg Ala His Tyr Asn Ile Val Thr Phe Cys
210 215 220

Cys Lys Cys Asp Ser Thr Leu Arg Leu Cys Val Gln Ser Thr His Val
225 230 235 240

Asp Ile Arg Thr Leu Glu Asp Leu Leu Met Gly Thr Leu Gly Ile Val
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-continued

118

245

Cys Pro Ile Cys Ser Gln Lys Pro

<210>
<211>
<212>
<213>
<220>
<223>

260

PRT

<400> SEQUENCE:

15

SEQ ID NO 24
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HPV Eé immunodominant epitope

24

250

255

Leu Cys Ile Val Tyr Arg Asp Gly Asn Pro Tyr Ala Val Cys Asp

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

15

5

SEQ ID NO 25
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: HPV E7 immunodominant epitope

25

10

15

Ala Glu Pro Asp Arg Ala His Tyr Asn Ile Val Thr Phe Cys Cys

10

consensus sequence

1 5

<210> SEQ ID NO 26

<211> LENGTH: 142

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HPV Eé

<400> SEQUENCE: 26

Phe Gln Asp Pro Gln Glu Ser Gly Arg

1 5

Glu Leu Gln Thr Thr Ile His Asp Ile
20 25

Lys Gln Gln Leu Leu Arg Arg Glu Val

35 40
Val Tyr Arg Asp Gly Asn Pro Tyr Ala
50 55

Phe Tyr Ser Lys Ile Ser Glu Tyr Arg

65 70

Gly Thr Thr Leu Glu Gln Gln Tyr Asn

85

Ile Arg Cys Ile Asn Cys Gln Lys Pro
100 105

Lys Gln Arg Phe His Asn Ile Arg Gly

115 120
Ser Cys Cys Arg Ser Ser Arg Thr Arg
130 135

<210> SEQ ID NO 27

<211> LENGTH: 97

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223>

<400> SEQUENCE:

27

Lys

10

Ile

Tyr

Val

His

Lys

90

Leu

Arg

Arg

Leu

Leu

Asp

Cys

Tyr

75

Pro

Gln

Trp

Glu

Pro

Glu

Arg

Asp

60

Cys

Leu

Arg

Thr

Thr
140

Gln

Cys

Asp

Lys

Tyr

Cys

His

Gly

125

Gln

OTHER INFORMATION: HPV E7 consensus seguence

15

Leu Cys
15

Val Tyr
30

Leu Cys

Cys Leu

Ser Leu

Asp Leu

95

Leu Asp
110

Arg Cys

Leu

Thr

Cys

Ile

Lys

Tyr

80

Leu

Lys

Met

His Gly Asp Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gln Pro
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120

-continued
1 5 10 15
Glu Thr Thr Asp Leu Tyr Gly Tyr Gly Gln Leu Asn Asp Ser Ser Glu
20 25 30
Glu Glu Asp Glu Ile Asp Gly Pro Ala Gly Gln Ala Glu Pro Asp Arg
35 40 45
Ala His Tyr Asn Ile Val Thr Phe Cys Cys Lys Cys Asp Ser Thr Leu
50 55 60
Arg Leu Cys Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu Asp
65 70 75 80
Leu Leu Met Gly Thr Leu Gly Ile Val Cys Pro Ile Cys Ser Gln Lys
85 90 95
Pro
<210> SEQ ID NO 28
<211> LENGTH: 18
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: IgE Leader Sequence

<400> SEQUENCE: 28

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val

1 5 10

His Ser

<210> SEQ ID NO 29

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Proteolytic Cleavage Sequence
<400> SEQUENCE: 29

Arg Gly Arg Lys Arg Arg Ser

1 5

<210> SEQ ID NO 30

<211> LENGTH: 1766

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

sequence

<400> SEQUENCE: 30

gaattcgeca ccatggactg

cacagctacc

agcagcatcg

gtgagagagg

gatggcagce

accectgtgta

ctgttcacct

cceggecaca

accgeectygyg

ggagcccact

aaggtgcteg

aagtgaggaa tagcagcggc

tgtacgaggce cgccgacatg

gcaacagcte cagatgetgg

tgcccaccac caccctgagyg

gegecatgta tgtgggegat

tcagccccayg aaggcactgg

tcaccggeca cagaatggec

tggtgtccca gectgetgaga

ggggegtyget ggceggcate

tggtgetget getgttegee

gacctggatce

ctgttectygyg

ctgtaccacyg

atcatgcaca

gtggcectga

agacacgtgg

ctgtgtggea

accgtgcagyg

tgggacatga

atccctcagyg

gectacttea

ggcgtggacyg

tggcegetge

tgaccaacga

ccececggety

ccectacegt

acctgettgt

gegtgtttet

actgtaactg

tgatgaactyg

ccatcgtgga

gcatggtggyg

gcagaggcag

15

OTHER INFORMATION: HCV genotype la and 1lb consensus E1-E2 DNA

aacacgggty

ctgctecaac

tgtgcectgt

ggcegecaga

gggcagcgcec

tgtgggccag

ctccatctac

gagccctace

catggtggee

caactgggee

gJaagagaagg

60

120

180

240

300

360

420

480

540

600

660
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122

-continued
agcgagacce acgtgaccgg cggcaccgece ggcagaacca cagecggect tgtgggectg 720
ttcaccccetyg gegecaagca gaacatccag ctgatcaaca ccaacggcag ctggcacate 780
aacagcaccg ccctgaactg taacgacage ctgaacaccyg gcetggetgge cggectgtte 840
taccagcaca agttcaacag cagcggctge cecgagagaa tggccagcetyg tagacccectg 900
gatgagttecyg cccagggcetyg gggcecccatce acctacgceca atggcagegg cectgaccag 960
agaccctact gctggcacta cgcccccaga cectgtggea tegtgccege caagagegtg 1020
tgtggccecceg tgtactgett cacccctage ccegtggttg tgggcaccac cgacagaagc 1080
ggagcccceca cctacagetg gggcgagaac gagaccgacg tgctggtget gaacaacacce 1140
agaccceccce tgggcaattg gtteggetgt acctggatga acagcaccgg cttcaccaaa 1200
gtgtgtggceg ccecctecectg tgtgategge ggagtgggca acaacaccct gacctgeccce 1260
accgactgcet tcagaaagca ccccgaggece acctactceca gatgtggcag cggaccttgg 1320
ctgaccceccca gatgtatggt ggactaccce tacaggcetgt ggcactacce ctgtaccgtg 1380
aacttcacca tcttcaaagt gaggatgtat gtggggggcg tggagcacag actggaggcce 1440
gectgtaatt ggaccagggg cgagagatgt gacctggagg accgggatag aagcgagcetg 1500
tceectetge tgctgtcecac caccgagtgg caggtgcetge cttgtagctt caccaccctg 1560
ccegecctga gcaccggect gatccacctg caccagaaca tcegtggacgt gcagtacctg 1620
tacggagtgg gctctagcat cgtgtcectgg gccatcaagt gggagtacgt ggtgctgetg 1680
ttectgetge tggccgacge cagagtgtgt agetgcctgt ggatgatget getgatcagce 1740
caggccgagg cctgatgage ggccgce 1766

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 31
H: 580
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: HCV genotype la and 1b

seque

RE:

nce

<400> SEQUENCE: 31

Met Asp Trp
1

His Ser Tyr
Asp Cys Ser
35

His Thr Pro
50

Cys Trp Val
65

Pro Thr Thr

Thr Leu Cys

Leu Val Gly
115

Gln Asp Cys
130

Met Ala Trp
145

Thr Trp Ile Leu Phe

5

Gln Val Arg Asn Ser

20

Asn Ser Ser Ile Val

40

Gly Cys Val Pro Cys

55

Ala Leu Thr Pro Thr

70

Thr Leu Arg Arg His

85

Ser Ala Met Tyr Val

100

Gln Leu Phe Thr Phe

120

Asn Cys Ser Ile Tyr

135

Asp Met Met Met Asn
150

Leu

Ser

25

Tyr

Val

Val

Val

Gly
105
Ser

Pro

Trp

Val

10

Gly

Glu

Arg

Ala

Asp

90

Asp

Pro

Gly

Ser

Ala

Leu

Ala

Glu

Ala

75

Leu

Leu

Arg

His

Pro
155

Ala Ala Thr

Tyr His Val
30

Ala Asp Met
45

Gly Asn Ser

Arg Asp Gly

Leu Val Gly

Cys Gly Ser

110

Arg His Trp
125

Ile Thr Gly
140

Thr Thr Ala

Arg Val
15

Thr Asn

Ile Met

Ser Arg

Ser Leu

80

Ser Ala

95

Val Phe

Thr Val

His Arg

Leu Val
160

consensus E1-E2 protein
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124

Gly

Gly

Asp

Thr

225

Ala

Asn

Ala

Arg

Pro

305

Trp

Cys

Thr

Asp

Gly

385

Pro

Thr

Ser

Leu

Met

465

Thr

Ser

Phe

Asn

Ser

545

Ala

Ser

Ala

Asn

Gly

210

Ala

Lys

Ser

Gly

Met

290

Ile

His

Gly

Asp

Val

370

Cys

Pro

Asp

Gly

Trp

450

Tyr

Arg

Pro

Thr

Ile
530

Trp

Asp

Gln

His

Trp

195

Arg

Gly

Gln

Thr

Leu

275

Ala

Thr

Tyr

Pro

Arg

355

Leu

Thr

Cys

Cys

Pro

435

His

Val

Gly

Leu

Thr
515
Val

Ala

Ala

Leu

Trp

180

Ala

Gly

Arg

Asn

Ala

260

Phe

Ser

Tyr

Ala

Val

340

Ser

Val

Trp

Val

Phe

420

Trp

Tyr

Gly

Glu

Leu

500

Leu

Asp

Ile

Arg

Leu

165

Gly

Lys

Arg

Thr

Ile

245

Leu

Tyr

Cys

Ala

Pro

325

Tyr

Gly

Leu

Met

Ile

405

Arg

Leu

Pro

Gly

Arg

485

Leu

Pro

Val

Lys

Val
565

Arg

Val

Val

Lys

Thr

230

Gln

Asn

Gln

Arg

Asn

310

Arg

Cys

Ala

Asn

Asn

390

Gly

Lys

Thr

Cys

Val

470

Cys

Ser

Ala

Gln

Trp
550

Cys

Ile

Leu

Leu

Arg

215

Ala

Leu

Cys

His

Pro

295

Gly

Pro

Phe

Pro

Asn

375

Ser

Gly

His

Pro

Thr

455

Glu

Asp

Thr

Leu

Tyr
535

Glu

Ser

Pro

Ala

Val

200

Arg

Gly

Ile

Asn

Lys

280

Leu

Ser

Cys

Thr

Thr

360

Thr

Thr

Val

Pro

Arg

440

Val

His

Leu

Thr

Ser
520
Leu

Tyr

Cys

Gln

Gly

185

Val

Ser

Leu

Asn

Asp

265

Phe

Asp

Gly

Gly

Pro

345

Tyr

Arg

Gly

Gly

Glu

425

Cys

Asn

Arg

Glu

Glu

505

Thr

Tyr

Val

Leu

Ala

170

Ile

Leu

Glu

Val

Thr

250

Ser

Asn

Glu

Pro

Ile

330

Ser

Ser

Pro

Phe

Asn

410

Ala

Met

Phe

Leu

Asp

490

Trp

Gly

Gly

Val

Trp
570

Ile

Ala

Leu

Thr

Gly

235

Asn

Leu

Ser

Phe

Asp

315

Val

Pro

Trp

Pro

Thr

395

Asn

Thr

Val

Thr

Glu

475

Arg

Gln

Leu

Val

Leu

555

Met

Val

Tyr

Leu

His

220

Leu

Gly

Asn

Ser

Ala

300

Gln

Pro

Val

Gly

Leu

380

Lys

Thr

Tyr

Asp

Ile

460

Ala

Asp

Val

Ile

Gly
540

Leu

Met

Asp

Phe

Phe

205

Val

Phe

Ser

Thr

Gly

285

Gln

Arg

Ala

Val

Glu

365

Gly

Val

Leu

Ser

Tyr

445

Phe

Ala

Arg

Leu

His
525
Ser

Phe

Leu

Met

Ser

190

Ala

Thr

Thr

Trp

Gly

270

Cys

Gly

Pro

Lys

Val

350

Asn

Asn

Cys

Thr

Arg

430

Pro

Lys

Cys

Ser

Pro

510

Leu

Ser

Leu

Leu

Val

175

Met

Gly

Gly

Pro

His

255

Trp

Pro

Trp

Tyr

Ser

335

Gly

Glu

Trp

Gly

Cys

415

Cys

Tyr

Val

Asn

Glu

495

Cys

His

Ile

Leu

Ile
575

Ala

Val

Val

Gly

Gly

240

Ile

Leu

Glu

Gly

Cys

320

Val

Thr

Thr

Phe

Ala

400

Pro

Gly

Arg

Arg

Trp

480

Leu

Ser

Gln

Val

Leu

560

Ser
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-continued

Gln Ala Glu Ala
580

<210> SEQ ID NO 32

<211> LENGTH: 192

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HCV El1 consensus sequence

<400> SEQUENCE: 32

Tyr Gln Val Arg Asn Ser Ser Gly Leu Tyr His Val Thr Asn Asp Cys
1 5 10 15

Ser Asn Ser Ser Ile Val Tyr Glu Ala Ala Asp Met Ile Met His Thr
20 25 30

Pro Gly Cys Val Pro Cys Val Arg Glu Gly Asn Ser Ser Arg Cys Trp
35 40 45

Val Ala Leu Thr Pro Thr Val Ala Ala Arg Asp Gly Ser Leu Pro Thr
50 55 60

Thr Thr Leu Arg Arg His Val Asp Leu Leu Val Gly Ser Ala Thr Leu
65 70 75 80

Cys Ser Ala Met Tyr Val Gly Asp Leu Cys Gly Ser Val Phe Leu Val
85 90 95

Gly Gln Leu Phe Thr Phe Ser Pro Arg Arg His Trp Thr Val Gln Asp
100 105 110

Cys Asn Cys Ser Ile Tyr Pro Gly His Ile Thr Gly His Arg Met Ala
115 120 125

Trp Asp Met Met Met Asn Trp Ser Pro Thr Thr Ala Leu Val Val Ser
130 135 140

Gln Leu Leu Arg Ile Pro Gln Ala Ile Val Asp Met Val Ala Gly Ala
145 150 155 160

His Trp Gly Val Leu Ala Gly Ile Ala Tyr Phe Ser Met Val Gly Asn
165 170 175

Trp Ala Lys Val Leu Val Val Leu Leu Leu Phe Ala Gly Val Asp Gly
180 185 190

<210> SEQ ID NO 33

<211> LENGTH: 363

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: HCV E2 consensus sequence

<400> SEQUENCE: 33

Glu Thr His Val Thr Gly Gly Thr Ala Gly Arg Thr Thr Ala Gly Leu
1 5 10 15

Val Gly Leu Phe Thr Pro Gly Ala Lys Gln Asn Ile Gln Leu Ile Asn
20 25 30

Thr Asn Gly Ser Trp His Ile Asn Ser Thr Ala Leu Asn Cys Asn Asp
35 40 45

Ser Leu Asn Thr Gly Trp Leu Ala Gly Leu Phe Tyr Gln His Lys Phe
50 55 60

Asn Ser Ser Gly Cys Pro Glu Arg Met Ala Ser Cys Arg Pro Leu Asp
65 70 75 80

Glu Phe Ala Gln Gly Trp Gly Pro Ile Thr Tyr Ala Asn Gly Ser Gly
85 90 95

Pro Asp Gln Arg Pro Tyr Cys Trp His Tyr Ala Pro Arg Pro Cys Gly
100 105 110
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128

Ile Val Pro
115

Ser Pro Val
130

Ser Trp Gly
145

Pro Pro Leu

Phe Thr Lys

Asn Asn Thr

195

Ala Thr Tyr
210

Met Val Asp
225

Phe Thr Ile

Leu Glu Ala

Asp Arg Asp

275

Trp Gln Val
290

Gly Leu Ile
305

Gly Val Gly

Val Leu Leu

Trp Met Met
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Lys Ser Val Cys

120

Val Val Gly Thr Thr

135

Glu Asn Glu Thr Asp
150

Gly Asn Trp Phe Gly

165

Val Cys Gly Ala Pro

180

Leu Thr Cys Pro Thr

200

Ser Arg Cys Gly Ser

215

Tyr Pro Tyr Arg Leu
230

Phe Lys Val Arg Met

245

Ala Cys Asn Trp Thr

260

Arg Ser Glu Leu Ser

280

Leu Pro Cys Ser Phe

295

His Leu His Gln Asn
310

Ser Ser Ile Val Ser

325

Phe Leu Leu Leu Ala

340

Leu Leu Ile Ser Gln

D NO 34
H: 3512
DNA

360

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

ggtaccgaat

agagtgcaca

taccgggagg

ctggtgcaga

gthCCtggg

aaagaactgg

gecttegget

tcegtgagaa

ggcctgetge

ctgttegtge

ctgggagccg

tcgecaccat

gececaggge

tgctgecect

gaggcgacce

acgccagacc

tggCCnggt

tegecetget

gctacctgee

tgcgcagagt

tggtecgecce

ccacccagge

ggactggace

ccccaggtge

ggccacctte

tgcecgectte

tccecectgee

getgecagegyg

ggacggcgcc

caacaccgtyg

gggcgacgac

cagctgegec

cagacccect

Gly

Asp

Val

Cys

Pro

185

Asp

Gly

Trp

Tyr

Arg

265

Pro

Thr

Ile

Trp

Asp

345

Ala

Pro

Arg

Leu

Thr

170

Cys

Cys

Pro

His

Val

250

Gly

Leu

Thr

Val

Ala

330

Ala

Glu

Val

Ser

Val

155

Trp

Val

Phe

Trp

Tyr

235

Gly

Glu

Leu

Leu

Asp

315

Ile

Arg

Ala

tggatcctgt

agagcecgtge

gtgcggagge

agagccctygg

gecectaget

ctgtgcgaga

agaggeggec

accgacgecc

gtgctggtge

taccaggtgt

cctecacgect

Tyr Cys Phe
125

Gly Ala Pro
140

Leu Asn Asn

Met Asn Ser

Ile Gly Gly

190

Arg Lys His
205

Leu Thr Pro
220

Pro Cys Thr

Gly Val Glu

Arg Cys Asp

270

Leu Ser Thr
285

Pro Ala Leu
300

Val Gln Tyr

Lys Trp Glu

Val Cys Ser
350

tcectggtgge
ggagcctget
tgggcectca
tggcccagty
tceggcaggt
ggggcegcecaa
ctceccgagge
tgagaggcag
acctgetgge
geggeccace

ceggecccag

Thr Pro

Thr Tyr

Thr Arg
160

Thr Gly
175

Val Gly

Pro Glu

Arg Cys

Val Asn

240

His Arg
255

Leu Glu

Thr Glu

Ser Thr

Leu Tyr
320

Tyr Val
335

Cys Leu

cgctgecaca
geggagecac
ggggtggcgy
cectggtgtyge
gtcetgectyg
gaacgtgetyg
cttcaccace
cggcgettgg
cagatgcgee
cctgtaccag

gcggagactg

60

120

180

240

300

360

420

480

540

600

660
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130

-continued
ggctgcegage gggectggaa ccacagegtg cgggaggecg gegtgecect gggectgeca 720
geeectggeyg ccagaagaag gggcggcage gccagcagaa gectgecect geccaagegyg 780
cccagacgeg gagecgecce tgagcccgag agaaccceeeg tgggecaggyg ctettgggece 840
caccectggee ggaccagagg ccccagegac cggggcettet gegtggtgte cccegecaga 900
ccegecgagg aagccaccte cctggaagge gecctgageg gcaccaggcea cagccaccce 960
agegtgggee gccagcacca cgccggaccece cecagcacct ccaggccccee caggecctgg 1020
gacaccccett gecceectgt gtacgecgag accaagcact tectgtacag cagecggcgac 1080
aaagagcagc tgcggcccag cttectgetg tcecagectga ggccctcecceet gaccggcget 1140
aggcgectgg tggagaccat ctttetggge agecggcecct ggatgccegyg caccceccagg 1200
cggctgcecca ggctgcceca geggtactgg cagatgagge ctcetgttceet ggaactgetg 1260
ggcaaccacyg cccagtgccee ctacggegtg ctgctgaaaa cccactgecc cctgagagec 1320
geegtgacee cagecgcecgg agtgtgcgece agagagaage ctcagggcag cgtggccget 1380
ccecgaggaag aggacaccga ccccagacge ctggtgcage tgctgceggea gcacagcagce 1440
ccttggcagg tgtacggett cgtgcgggce tgcctgagaa ggctggtgece cectggectg 1500
tggggcagca ggcacaacga gcggceggttt ctgcggaaca ccaagaagtt catcagectg 1560
gggaagcacyg ccaagctgte cctgcaggaa ctgacctgga agatgagegt geggggetge 1620
gectggetga gaagatccee tggegtggge tgcegtgectg cegecgagca ceggetgegy 1680
gaggaaatcc tggccaagtt cctgcactgg ctgatgageg tgtacgtggt ggagctgcetg 1740
agatccttcet tctacgtgac cgagaccacce ttccagaaga actacctgtt cttctaccgg 1800
aagagcgtgt ggagcaagct gcagagcatc ggcatccgge agcacctgaa gcgggtgcag 1860
ctgagagagce tgtccgagge cgaagtgagg cagcaccggyg aggccagacce tgcectgetg 1920
accagccgge tgcggttcat ccccaagecce gacggcectge ggeccategt gaacatggac 1980
tacgtggtgg gcgccaggac cttcecggegg gagaageggyg ccgagegget gacctcgagg 2040
gtgaaggcee tgttcagegt gctgaactac gagcegggceca ggcggcecagg cctgetggge 2100
gccagcegtge tgggectgga cgacatccac cgggcctgge ggaccttegt gctgagagtyg 2160
cgggeccagg accccectece cgagetgtac ttegtgaagyg tggacgtgac aggcegectac 2220
gacaccatce cccaggaccg gctgaccgag gtgatcgeca gcatcatcaa gecccagaac 2280
acctactgeg tgcggagata cgccgtggtg cagaaggceceg cccacggeca cgtgeggaag 2340
gccttcaaga gccacgtgag caccctgacce gacctgcage cctacatgeg gcagttegtg 2400
geecacctyge aggaaaccag cccectgegg gatgeegtgg tgatcgagca gagcagcagce 2460
ctgaacgagg ccagcagcgg cctgttcgac gtgttcecctga gattcatgtg ccaccacgcece 2520
gtgcggatcee ggggcaagag ctacgtgcag tgccagggca tceccacaggg cagcatcctg 2580
tccacccetge tgtgctcect gtgctacgge gacatggaaa acaagctgtt cgccggcatce 2640
aggcgggacg gactgctgcet gagactggtg gacgacttcecce tgctggtgac cccccacctg 2700
acccacgcca agacctttet geggaccctg gtgegeggeg tgcccgagta cggctgegtg 2760
gtgaacctga gaaagaccgt ggtgaacttc ccegtggagg acgaggcecct gggeggcaca 2820
gccttegtge agatgcctge ccatggactg ttcecceecttggt gegggctget gctggacacce 2880
cggaccctgg aagtgcagag cgactacage agectacgcecce ggaccagcat ccgggectcee 2940
ctgaccttca acaggggctt caaggccggce aggaacatgce ggcggaagcet gtttggegtg 3000
ctgcggcectga agtgccacag cctgtttcectg tacctgcagg tgaacagcct gcagaccgtg 3060
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132

-continued
tgcaccaaca tctacaagat cctgctgctg caggcctacce ggttceccacge ctgegtgetg 3120
cagctgceccct ttcaccagca ggtgtggaag aaccctacct tcecttectgeg ggtgatcagce 3180
gacaccgceca gectgtgceta cagcatcctg aaggccaaga acgccggeat gagectggge 3240
gccaagggayg ccgecggace tctgeccage gaggccegtge agtggetgtg ccaccaggec 3300
tttctgetga agctgacceg gcaccgggtg acctacgtge cectgetggg cagectgegg 3360
accgeccaga cccagetgte ccggaagetg cetggcacca cectgacage cctggaagece 3420
geegecaace ccgeectgee ctcecgactte aagaccatce tggactaccce ctacgacgtg 3480
ccecgactacg cctgatgage ggccgcegage te 3512

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 35
H: 1158
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 35

Met Asp Trp
1

His Ser Pro
Ser His Tyr
35

Gly Pro Gln
50

Arg Ala Leu
65

Pro Pro Pro

Leu Val Ala

Val Leu Ala

115

Pro Glu Ala
130

Thr Asp Ala
145

Val Gly Asp

Val Leu Val

Tyr Gln Leu
195

Gly Pro Arg
210

Arg Glu Ala
225

Arg Gly Gly

Arg Gly Ala

Trp Ala His
275

Thr Trp Ile Leu Phe

Arg Ala Pro Arg Cys

20

Arg Glu Val Leu Pro

40

Gly Trp Arg Leu Val

55

Val Ala Gln Cys Leu

70

Ala Ala Pro Ser Phe

85

Arg Val Leu Gln Arg

100

Phe Gly Phe Ala Leu

120

Phe Thr Thr Ser Val

135

Leu Arg Gly Ser Gly
150

Asp Val Leu Val His

165

Ala Pro Ser Cys Ala

180

Gly Ala Ala Thr Gln

200

Arg Arg Leu Gly Cys

215

Gly Val Pro Leu Gly
230

Ser Ala Ser Arg Ser

245

Ala Pro Glu Pro Glu

260

Pro Gly Arg Thr Arg

280

Leu

Arg

25

Leu

Gln

Val

Arg

Leu

105

Leu

Arg

Ala

Leu

Tyr

185

Ala

Glu

Leu

Leu

Arg

265

Gly

Val

10

Ala

Ala

Arg

Cys

Gln

90

Cys

Asp

Ser

Trp

Leu

170

Gln

Arg

Arg

Pro

Pro
250

Thr

Pro

Ala

Val

Thr

Gly

Val

75

Val

Glu

Gly

Tyr

Gly

155

Ala

Val

Pro

Ala

Ala
235
Leu

Pro

Ser

Ala Ala Thr
Arg Ser Leu
30

Phe Val Arg
45

Asp Pro Ala

Pro Trp Asp

Ser Cys Leu

Arg Gly Ala
110

Ala Arg Gly
125

Leu Pro Asn
140

Leu Leu Leu

Arg Cys Ala

Cys Gly Pro
190

Pro Pro His
205

Trp Asn His
220

Pro Gly Ala

Pro Lys Arg

Val Gly Gln
270

Asp Arg Gly
285

Arg Val
15

Leu Arg

Arg Leu

Ala Phe

Ala Arg
80

Lys Glu
95

Lys Asn

Gly Pro

Thr Val

Arg Arg
160

Leu Phe
175

Pro Leu

Ala Ser

Ser Val
Arg Arg
240

Pro Arg
255

Gly Ser

Phe Cys
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134

Ala

305

Pro

Gly

Pro

Ser

385

Gln

Arg

Gln

Leu

465

Phe

Ser

Ser

Met

Cys

545

Phe

Phe

Tyr

Gln
625

Ile

Ser

Arg

Arg

Val

290

Leu

Ala

Cys

Asp

Ser

370

Arg

Arg

Ala

Ala

Gly

450

Val

Val

Arg

Leu

Ser

530

Val

Leu

Phe

Arg

Leu

610

His

Pro

Gly

Arg

Pro
690

Ala

Ser

Ser

Gly

Pro

Lys

355

Leu

Pro

Tyr

Gln

Ala

435

Ser

Gln

Arg

His

Gly

515

Val

Pro

His

Tyr

Lys

595

Lys

Arg

Lys

Ala

Val
675

Gly

Trp

Pro

Gly

Pro

Pro

340

Glu

Thr

Trp

Trp

Cys

420

Val

Val

Leu

Ala

Asn

500

Lys

Arg

Ala

Trp

Val

580

Ser

Arg

Glu

Pro

Arg
660
Lys

Leu

Arg

Ala

Thr

Pro

325

Val

Gln

Gly

Met

Gln

405

Pro

Thr

Ala

Leu

Cys

485

Glu

His

Gly

Ala

Leu

565

Thr

Val

Val

Ala

Asp

645

Thr

Ala

Leu

Thr

Arg

Arg

310

Ser

Tyr

Leu

Ala

Pro

390

Met

Tyr

Pro

Ala

Arg

470

Leu

Arg

Ala

Cys

Glu

550

Met

Glu

Trp

Gln

Arg

630

Gly

Phe

Leu

Gly

Phe

Pro

295

His

Thr

Ala

Arg

Arg

375

Gly

Arg

Gly

Ala

Pro

455

Gln

Arg

Arg

Lys

Ala

535

His

Ser

Thr

Ser

Leu

615

Pro

Leu

Arg

Phe

Ala
695

Val

Ala

Ser

Ser

Glu

Pro

360

Arg

Thr

Pro

Val

Ala

440

Glu

His

Arg

Phe

Leu

520

Trp

Arg

Val

Thr

Lys

600

Arg

Ala

Arg

Arg

Ser
680

Ser

Leu

Glu

His

Arg

Thr

345

Ser

Leu

Pro

Leu

Leu

425

Gly

Glu

Ser

Leu

Leu

505

Ser

Leu

Leu

Tyr

Phe

585

Leu

Glu

Leu

Pro

Glu
665
Val

Val

Arg

Glu

Pro

Pro

330

Lys

Phe

Val

Arg

Phe

410

Leu

Val

Glu

Ser

Val

490

Arg

Leu

Arg

Arg

Val

570

Gln

Gln

Leu

Leu

Ile

650

Lys

Leu

Leu

Val

Ala

Ser

315

Pro

His

Leu

Glu

Arg

395

Leu

Lys

Cys

Asp

Pro

475

Pro

Asn

Gln

Arg

Glu

555

Val

Lys

Ser

Ser

Thr

635

Val

Arg

Asn

Gly

Arg

Thr

300

Val

Arg

Phe

Leu

Thr

380

Leu

Glu

Thr

Ala

Thr

460

Trp

Pro

Thr

Glu

Ser

540

Glu

Glu

Asn

Ile

Glu

620

Ser

Asn

Ala

Tyr

Leu
700

Ala

Ser

Gly

Pro

Leu

Ser

365

Ile

Pro

Leu

His

Arg

445

Asp

Gln

Gly

Lys

Leu

525

Pro

Ile

Leu

Tyr

Gly

605

Ala

Arg

Met

Glu

Glu
685

Asp

Gln

Leu

Arg

Trp

Tyr

350

Ser

Phe

Arg

Leu

Cys

430

Glu

Pro

Val

Leu

Lys

510

Thr

Gly

Leu

Leu

Leu

590

Ile

Glu

Leu

Asp

Arg

670

Arg

Asp

Asp

Glu

Gln

Asp

335

Ser

Leu

Leu

Leu

Gly

415

Pro

Lys

Arg

Tyr

Trp

495

Phe

Trp

Val

Ala

Arg

575

Phe

Arg

Val

Arg

Tyr

655

Leu

Ala

Ile

Pro

Gly

His

320

Thr

Ser

Arg

Gly

Pro

400

Asn

Leu

Pro

Arg

Gly

480

Gly

Ile

Lys

Gly

Lys

560

Ser

Phe

Gln

Arg

Phe

640

Val

Thr

Arg

His

Pro
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136

705

Pro

Ile

Gln

Asp
785

Ser

Glu

Pro

Asp

865

Leu

Ala

Cys

Glu

Phe

945

Ser

Phe

Gly

Asn

Leu

Ser

Ala

Ser

Leu

Arg

Glu

Pro

Asn

Gly
770

Leu

Pro

Ala

Ala

Gln
850

Met

Arg

Lys

Val

Ala
930

Pro

Asp

Asn

Val

Ser

1010

Gln
1025

Gln
1040

Asp
1055

Gly
1070

Glu
1085

Thr
1100

Thr
1115

Leu

Gln

Thr

755

His

Gln

Leu

Ser

Val

835

Gly

Glu

Leu

Thr

Val

915

Leu

Trp

Tyr

Arg

Leu

995

Leu

Ala

Gln

Thr

Met

Ala

Arg

Ala

Tyr

Asp

740

Tyr

Val

Pro

Arg

Ser

820

Arg

Ser

Asn

Val

Phe

900

Asn

Gly

Cys

Ser

Gly

980

Arg

Gln

Tyr

Val

Ala

Ser

Val

His

Gln

Phe

725

Arg

Cys

Arg

Tyr

Asp

805

Gly

Ile

Ile

Lys

Asp

885

Leu

Leu

Gly

Gly

Ser

965

Phe

Leu

Thr

Arg

Trp

Ser

Leu

Gln

Arg

Thr

710

Val

Leu

Val

Lys

Met

790

Ala

Leu

Arg

Leu

Leu

870

Asp

Arg

Arg

Thr

Leu

950

Tyr

Lys

Lys

Lys

Thr

Arg

Ala

775

Arg

Val

Phe

Gly

Ser

855

Phe

Phe

Thr

Lys

Ala

935

Leu

Ala

Ala

Cys

Val

Glu

Arg

760

Phe

Gln

Val

Asp

Lys

840

Thr

Ala

Leu

Leu

Thr

920

Phe

Leu

Arg

Gly

His
1000

Asp

Val

745

Tyr

Lys

Phe

Ile

Val

825

Ser

Leu

Gly

Leu

Val

905

Val

Val

Asp

Thr

Arg
985

Ser Leu Phe Leu Tyr

715

Val Thr Gly

730

Ile Ala Ser

Ala Val Val

Ser His Val

780

Val Ala His
795

Glu Gln Ser

810

Phe Leu Arg

Tyr Val Gln

Leu Cys Ser

860

Ile Arg Arg
875

Val Thr Pro

890

Arg Gly Val

Val Asn Phe

Gln Met Pro

940

Thr Arg Thr
955

Ser Ile Arg

970

Asn Met Arg

Ala

Ile

Gln

765

Ser

Leu

Ser

Phe

Cys

845

Leu

Asp

His

Pro

Pro

925

Ala

Leu

Ala

Arg

10

Val Cys
1015

Phe His
1030

Lys Asn
1045

Leu Cys
1060

Gly Ala
1075

Trp Leu
1090

Val Thr
1105

Gln Leu
1120

Thr

Ala

Pro

Tyr

Lys

Cys

Tyr

Ser

Asn

Cys

Thr

Ser

Gly

His

Val

Arg

Ile

Val

Phe

Ile

Ala

Gln

Pro

Lys

Tyr

Leu

Phe

Leu

Ala

Ala

Leu

Leu

Lys
1020

Gln
1035

Leu
1050

Lys
1065

Gly
1080

Phe
1095

Leu
1110

Pro
1125

Tyr

Ile

750

Lys

Thr

Gln

Ser

Met

830

Gln

Cys

Gly

Leu

Glu

910

Val

His

Glu

Ser

Lys
990

05

Ile

Leu

Arg

Ala

Pro

Leu

Gly

Gly

Asp

735

Lys

Ala

Leu

Glu

Leu

815

Cys

Gly

Tyr

Leu

Thr

895

Tyr

Glu

Gly

Val

Leu

975

Leu

720

Thr

Pro

Ala

Thr

Thr

800

Asn

His

Ile

Gly

Leu

880

His

Gly

Asp

Leu

Gln

960

Thr

Phe

Leu Gln Val

Leu Leu

Pro Phe

Val Ile

Lys Asn

Leu Pro

Leu Lys

Ser Leu

Thr Thr
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138

Leu Thr Ala Leu Glu Ala Ala

1130

Phe Lys Thr Ile Leu Asp Tyr

1145

<210> SEQ ID NO 36
<211> LENGTH: 1707

<212> TYPE:

DNA

1135

1150

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 36

atggaaaaga

atcggctacce

accgtgacce

gacggcgtga

cccatgtgeg

ccegtgaacy

ctgteccecgga

cacgaggcca

cggaacgtgg

aacaacacca

gecgagcaga

ctgaaccage

cggatggaat

ggcaacttca

atgaagagcg

atcaacagca

tacgtgaaga

c¢ggegggeey

cagggcatgg

geegecgaca

atcatcgaca

cggcggatcg

aacgccgage

gtgaagaacc

aacggetget

ggcacctacyg

ggcgtgaaac

agcagectygg

agcctgeagt

tegtgetget

acgccaacaa

acgcccagga

agccectgat

acgagttcat

acctgtgeta

tcaaccactt

gCCtgggCgt

tgtggctgat

accaggaaga

ccaagetgta

ggCtggthC

tcttetggac

tcgecccega

agctggaata

gecatgcectt

gcaacaggct

ccgeccgggyg

tggacgggtyg

aagagagcac

agatgaacac

agaacctgaa

tgctggtget

tgtacgacaa

tcgagtteta

actaccccca

tggaaagcat

cecctggecat

geeggatety

<210> SEQ ID NO 37
<211> LENGTH: 568

<212> TYPE:

PRT

gttegecate

cagcaccgag

catcctggaa

cctgegggac

caacgtgece

cceceggegac

cgagaagatc

gagcagcgcee

caagaagaac

tctgetggte

ccagaacccce

ceggategec

catcctgaag

gtacgcctac

cggcaactge

ccacaacatc

ggtgctggcc

cctgttegge

gtacggctac

ccagaaggec

ccagttegag

caagaaaatg

gatggaaaac

agtgeggetg

ccacaagtge

gtacagcgag

cggcatctac

catggtggec

catctag

gtgagectgg

caggtggaca

aagacccaca

tgcagcgtgg

gagtggaget

ttcaacgact

cagatcatcc

tgcccatace

agcacctacc

ctgtggggca

accacctaca

accecggteca

cccaacgatg

aagatcgtga

aacaccaagt

cacccectga

accggectge

gccategecy

caccacagca

atcgacggeyg

gCCgtgggCC

gaagatggct

gageggacce

cagctgcggg

gacaacgagt

gaagcccegge

cagatcctga

ggcetgagee

Ala Asn Pro Ala Leu Pro

1140

Pro Tyr Asp Val Pro Asp

1155

tgaagagcga
ccatcatgga
acggcaagcet
ceggetgget
acatcgtgga
acgaggaact
ccaagagcag
agggcaagtce
ccaccatcaa
tccaccacce
tecagegtggg
aggtgaacgg
ccatcaactt
agaagggcga
gccagacccce
ccatcggega
ggaacagccce
gettcatega
atgagcaggg
tcaccaacaa
gggagttcaa
tcctggacgt
tggacttcca
acaacgccaa

gcatggaaag

tgaagcggga

gcatctacag

tgtggatgtg

Ser Asp

Tyr Ala

Influenza H5N1 HA consensus sequence

ccagatctge

aaaaaacgtyg

gtgcgacctg

getgggcaac

gaaggccaac

gaagcacctg

ctggtecage

cagcttette

geggagcetac

caacgacgcc

caccagcacc

ccagagcgge

cgagagcaac

cagcaccatce

catgggegec

gtgccccaag

ccagcgggag

gggcggetgg

cagcggcetac

ggtgaacagce

caacctggaa

gtggacctac

cgacagcaac

agagctgggc

cgtgceggaac

ggaaatcagce

caccgtggec

cagcaacggce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1707
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139

-continued

140

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Influenza H5N1 HA consensus sequence
<400> SEQUENCE: 37

Met Glu Lys Ile Val Leu Leu Phe Ala Ile Val Ser Leu Val Lys Ser
1 5 10 15

Asp Gln Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Glu Gln Val
20 25 30

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
50 55 60

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile Val
85 90 95

Glu Lys Ala Asn Pro Val Asn Asp Leu Cys Tyr Pro Gly Asp Phe Asn
100 105 110

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
115 120 125

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Ser His Glu Ala Ser
130 135 140

Leu Gly Val Ser Ser Ala Cys Pro Tyr Gln Gly Lys Ser Ser Phe Phe
145 150 155 160

Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr Pro Thr Ile
165 170 175

Lys Arg Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
180 185 190

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Lys Leu Tyr Gln
195 200 205

Asn Pro Thr Thr Tyr Ile Ser Val Gly Thr Ser Thr Leu Asn Gln Arg
210 215 220

Leu Val Pro Arg Ile Ala Thr Arg Ser Lys Val Asn Gly Gln Ser Gly
225 230 235 240

Arg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
245 250 255

Phe Glu Ser Asn Gly Asn Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
260 265 270

Val Lys Lys Gly Asp Ser Thr Ile Met Lys Ser Glu Leu Glu Tyr Gly
275 280 285

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
290 295 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 310 315 320

Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Asn Ser
325 330 335

Pro Gln Arg Glu Arg Arg Ala Ala Ala Arg Gly Leu Phe Gly Ala Ile
340 345 350

Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly Met Val Asp Gly Trp Tyr
355 360 365

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
370 375 380

Glu Ser Thr Gln Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser
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-continued

142

385

Ile

Asn

Gly

Glu

Tyr

465

Asn

Ser

Arg

Ile

Leu

545

Ser

Ile

Asn

Phe

Asn

450

Asp

Gly

Val

Leu

Tyr

530

Ala

Leu

Asp

Leu

Leu

435

Glu

Lys

Cys

Arg

Lys

515

Gln

Ile

Gln

Lys

Glu

420

Asp

Arg

Val

Phe

Asn

500

Arg

Ile

Met

Cys

Met

405

Arg

Val

Thr

Arg

Glu

485

Gly

Glu

Leu

Val

Arg

390

Asn

Arg

Trp

Leu

Leu

470

Phe

Thr

Glu

Ser

Ala

550

Ile

Thr

Ile

Thr

Asp

455

Gln

Tyr

Tyr

Ile

Ile

535

Gly

Cys

Gln

Glu

Tyr

440

Phe

Leu

His

Asp

Ser

520

Tyr

Leu

Ile

Phe

Asn

425

Asn

His

Arg

Lys

Tyr

505

Gly

Ser

Ser

Glu

410

Leu

Ala

Asp

Asp

Cys

490

Pro

Val

Thr

Leu

395

Ala

Asn

Glu

Ser

Asn

475

Asp

Gln

Lys

Val

Trp
555

Val

Lys

Leu

Asn

460

Ala

Asn

Tyr

Leu

Ala

540

Met

Gly

Lys

Leu

445

Val

Lys

Glu

Ser

Glu

525

Ser

Cys

Arg

Met

430

Val

Lys

Glu

Cys

Glu

510

Ser

Ser

Ser

Glu

415

Glu

Leu

Asn

Leu

Met

495

Glu

Ile

Leu

Asn

400

Phe

Asp

Met

Leu

Gly

480

Glu

Ala

Gly

Ala

Gly
560

565

<210> SEQ ID NO 38
<211> LENGTH: 1466

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 38

ggtaccgaat

cgggtgcaca

atcggcatcg

agcatccaga

gagaaggcecyg

tgggccgtgt

atccgggage

ggggCCCth

accctgatga

gtggcctggt

ggccctgaca

aagagctgge

agctgettca

aagatggaaa

gaggaatgca

cacggcagca

atctgcageg

tcgecaccat

gcatgaacce

tgagcctgat

ccggcaacca

tggccagegt

acagcaagga

cctteatcag

tgaacgacaa

getgeccegt

cegecagege

acggcgeagt

ggaacaacat

ccgtgatgac

agggcaaggt

getgetaccee

accggeectyg

gegtgttegg

ggactggace

caaccagaag

getgcagatce

gcaccaggcece

gaccctggee

caacagcatc

ctgcagecac

gcacagcaac

dggcgaggcec

ctgccacgac

ggCCgthtg

cctgeggace

cgacggeccec

ggtgaagagc

cgacgeegge

ggtgtectte

cgacaacccc

tggatcctgt

atcatcacca

ggcaacatga

gagcccatca

ggcaacagca

cggatecggea

ctggaatgec

ggcaccgtga

cccagecect

ggcaccagcet

aagtacaacg

caggaaagcg

agcaacggec

gtggagctgg

gagatcacct

aaccagaacc

aggcccaacyg

tcectggtgge

tcggcageat

tcagcatctyg

gcaacaccaa

gectgtgece

gcaagggcga

ggaccttett

aggacagaag

acaacagccg

ggctgaccat

gcatcatcac

agtgcgectyg

aggccagceta

acgcccccaa

gegtgtgeeg

tggaatacca

atggcaccgg

Influenza HIN1&H5N1 NA consensus Sequence

cgectgecace

ctgcatggty

ggtgtcccac

ctttectgace

catcagcgge

cgtgttegty

cctgacccag

ccectacegy

gttegagage

cggcatcage

cgacaccatce

cgtgaacgge

caagatcttce

ctaccactac

ggacaactgg

gatcggctac

cagctgegge

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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144

cctgtgageg

gtgtggatcg

cccaacgget

accgactggt

tgcatcecgge

tggaccageg

tggccegacy

tacgcctgat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

Met Asp Trp Thr

1

His

Met

Ser

Glu
65

Phe

Thr

Gly

145

Trp

Ile

Ile

Gln

225

Thr

Glu

Ser

Val

Ile

Pro

Thr

Tyr

Val

Phe

130

Thr

Gly

Ser

Ser

Ile

210

Glu

Asp

Lys

Tyr

Met

Ile

35

Trp

Ile

Leu

Ser

Ile

115

Phe

Val

Glu

Ala

Gly

195

Thr

Ser

Gly

Gly

Glu
275

Asn

20

Gly

Val

Ser

Ala

Lys

100

Arg

Leu

Lys

Ala

Ser

180

Pro

Asp

Glu

Pro

Lys
260

Glu

ccaacggege
gecggaccaa
ggaccgagac
ceggctacag
cetgettttyg
gcagcagcat
gegecgaget
gageggecege
SEQ ID NO 39
LENGTH:
TYPE :
ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION:

476

39

Trp

5

Pro

Ile

Ser

Asn

Gly

85

Asp

Glu

Thr

Asp

Pro

165

Ala

Asp

Thr

Cys

Ser
245

Val

Cys

Ile

Asn

Val

His

Thr

70

Asn

Asn

Pro

Gln

Arg

150

Ser

Cys

Asn

Ile

Ala

230

Asn

Val

Ser

gagcte

ctacggegtyg
gagcaccaac
cgacagcage
cggcagette
ggtggagetg
cagettttge

geccttcace

aagggcttca gcttcaagta cggcaacggce

agcagatccg gcttcgagat

ttcagcgtga agcaggacat

gtgcagcace ccgagctgac

atcagaggca ggcccaaaga

ggcgtgaaca gcgacaccgt

atcgacaagt acccctacga

Influenza HIN1&H5N1 NA

Leu

Gln

Ser

Ser

Asn

Ser

Ser

Phe

Gly

135

Ser

Pro

His

Gly

Lys

215

Cys

Gly

Lys

Cys

Phe

Lys

Leu

40

Ile

Phe

Ser

Ile

Ile

120

Ala

Pro

Tyr

Asp

Ala

200

Ser

Val

Gln

Ser

Tyr
280

Leu

Ile

25

Met

Gln

Leu

Leu

Arg

105

Ser

Leu

Tyr

Asn

Gly

185

Val

Trp

Asn

Ala

Val
265

Pro

Val

10

Ile

Leu

Thr

Thr

Cys

90

Ile

Cys

Leu

Arg

Ser

170

Thr

Ala

Arg

Gly

Ser
250

Glu

Asp

Ala

Thr

Gln

Gly

Glu

75

Pro

Gly

Ser

Asn

Thr

155

Arg

Ser

Val

Asn

Ser
235
Tyr

Leu

Ala

Ala

Ile

Ile

Asn

60

Lys

Ile

Ser

His

Asp

140

Leu

Phe

Trp

Leu

Asn

220

Cys

Lys

Asp

Gly

consensus sequence

Ala

Gly

Gly

45

Gln

Ala

Ser

Lys

Leu

125

Lys

Met

Glu

Leu

Lys

205

Ile

Phe

Ile

Ala

Glu
285

Thr

Ser

30

Asn

His

Val

Gly

Gly

110

Glu

His

Ser

Ser

Thr

190

Tyr

Leu

Thr

Phe

Pro
270

Ile

gatctgggac

cgtggecatce

cggectggac

gagcaccatce

gagetggtee

cgtgcccgac

Arg

15

Ile

Met

Gln

Ala

Trp

95

Asp

Cys

Ser

Cys

Val

175

Ile

Asn

Arg

Val

Lys
255

Asn

Thr

Val

Cys

Ile

Ala

Ser

80

Ala

Val

Arg

Asn

Pro

160

Ala

Gly

Gly

Thr

Met

240

Met

Tyr

Cys

1080

1140

1200

1260

1320

1380

1440

1466



145

US 9,290,546 B2

-continued

146

Asn

305

Gly

Ser

Asn

Phe

Phe

385

Ser

Arg

Thr

Asp

Ile
465

Cys

290

Gln

Asp

Ala

Gly

Glu

370

Ser

Gly

Pro

Ile

Thr

450

Asp

Arg

Asn

Asn

Asn

Val

355

Met

Val

Ser

Cys

Trp

435

Val

Lys

Asp

Leu

Pro

Gly

340

Trp

Ile

Lys

Phe

Phe

420

Thr

Ser

Tyr

Asn

Glu

Arg

325

Ala

Ile

Trp

Gln

Val

405

Trp

Ser

Trp

Pro

Trp

Tyr

310

Pro

Tyr

Gly

Asp

Asp

390

Gln

Val

Gly

Ser

Tyr
470

His

295

Gln

Asn

Gly

Arg

Pro

375

Ile

His

Glu

Ser

Trp

455

Asp

Gly

Ile

Asp

Val

Thr

360

Asn

Val

Pro

Leu

Ser

440

Pro

Val

Ser

Gly

Gly

Lys

345

Lys

Gly

Ala

Glu

Ile

425

Ile

Asp

Pro

Asn

Tyr

Thr

330

Gly

Ser

Trp

Ile

Leu

410

Arg

Ser

Gly

Asp

Arg

Ile

315

Gly

Phe

Thr

Thr

Thr

395

Thr

Gly

Phe

Ala

Tyr
475

Pro

300

Cys

Ser

Ser

Asn

Glu

380

Asp

Gly

Arg

Cys

Glu

460

Ala

Trp

Ser

Cys

Phe

Ser

365

Thr

Trp

Leu

Pro

Gly

445

Leu

Val

Gly

Gly

Lys

350

Arg

Asp

Ser

Asp

Lys

430

Val

Pro

Ser

Val

Pro

335

Tyr

Ser

Ser

Gly

Cys

415

Glu

Asn

Phe

Phe

Phe

320

Val

Gly

Gly

Ser

Tyr

400

Ile

Ser

Ser

Thr

<210> SEQ ID NO 40
<211> LENGTH: 875

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 40

ggtaccggat
cgggtgcaca
agcggeecte
accgacctygg
aagggcatcc
cggagatteg
gtgaagctgt
ctgagctaca
accgtgacca

agccagcaca

aaccggatgg

gagcaggecyg

cggaccateg

ctgcaggect

gtgcccgact

ccgecaccat

gecatgagect

tgaaggccga

aagccctgat

tgggcttegt

tgcagaacgc

acaagaagct

gcacaggcge

ccgaggtgge

gatcccaccy

tcctggecte

ccgaagecat

gcacccaccc

accagaaacg

acgcctgatg

<210> SEQ ID NO 41

ggactggace

getgaccgag

gatcgeccag

ggaatggctg

gttcaccety

cctgaacgge

gaagcgggag

cctggecage

ctteggectyg

gcagatggcee

caccaccgcce

ggaagtggcc

cagcagcage

gatgggcgtg

ageggecgey

tggattetgt

gtggagacct

cggctggaag

aaaacccgge

accgtgececa

aacggcgacc

atcaccttcce

tgcatgggee

gtgtgcgeca

accaccacca

aaggccatgg

agccaggeca

gecggactge

cagatgcage

agctce

tcectggtgge
acgtgetgte
atgtgttege
ccatcctgag
gegagegggg
ccaacaacat
acggcgccaa
tgatctacaa
cctgegagea
acccectgat

aacagatggce

ggcagatggt

gggacgacct

ggttcaagta

Influenza HIN1&HS5N1 M1 consensus sequence

cgectgecace

catcatccce

cggcaagaac

ccecectgace

cctgcagegy

ggaccgggcc

agaggtggce

ccggatgggc

gatcgecgac

cecggcacgag

cggcagcage

gcaggccatg

getggaaaac

ccectacgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

875
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147 148

-continued

<211> LENGTH: 279

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Influenza HIN1&H5N1 M1 consensus sequence

<400> SEQUENCE: 41

Met Asp Trp Thr Trp Ile Leu Phe Leu Val Ala Ala Ala Thr Arg Val
1 5 10 15

His Ser Met Ser Leu Leu Thr Glu Val Glu Thr Tyr Val Leu Ser Ile
20 25 30

Ile Pro Ser Gly Pro Leu Lys Ala Glu Ile Ala Gln Arg Leu Glu Asp
35 40 45

Val Phe Ala Gly Lys Asn Thr Asp Leu Glu Ala Leu Met Glu Trp Leu
50 55 60

Lys Thr Arg Pro Ile Leu Ser Pro Leu Thr Lys Gly Ile Leu Gly Phe
65 70 75 80

Val Phe Thr Leu Thr Val Pro Ser Glu Arg Gly Leu Gln Arg Arg Arg
85 90 95

Phe Val Gln Asn Ala Leu Asn Gly Asn Gly Asp Pro Asn Asn Met Asp
100 105 110

Arg Ala Val Lys Leu Tyr Lys Lys Leu Lys Arg Glu Ile Thr Phe His
115 120 125

Gly Ala Lys Glu Val Ala Leu Ser Tyr Ser Thr Gly Ala Leu Ala Ser
130 135 140

Cys Met Gly Leu Ile Tyr Asn Arg Met Gly Thr Val Thr Thr Glu Val
145 150 155 160

Ala Phe Gly Leu Val Cys Ala Thr Cys Glu Gln Ile Ala Asp Ser Gln
165 170 175

His Arg Ser His Arg Gln Met Ala Thr Thr Thr Asn Pro Leu Ile Arg
180 185 190

His Glu Asn Arg Met Val Leu Ala Ser Thr Thr Ala Lys Ala Met Glu
195 200 205

Gln Met Ala Gly Ser Ser Glu Gln Ala Ala Glu Ala Met Glu Val Ala
210 215 220

Ser Gln Ala Arg Gln Met Val Gln Ala Met Arg Thr Ile Gly Thr His
225 230 235 240

Pro Ser Ser Ser Ala Gly Leu Arg Asp Asp Leu Leu Glu Asn Leu Gln
245 250 255

Ala Tyr Gln Lys Arg Met Gly Val Gln Met Gln Arg Phe Lys Tyr Pro
260 265 270

Tyr Asp Val Pro Asp Tyr Ala
275

<210> SEQ ID NO 42

<211> LENGTH: 1700

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Influenza H5N1 M2E-NP consensus sequence

<400> SEQUENCE: 42

ggtaccgaat tcgecaccat ggactggacce tggatcctgt tectggtege tgecgccacce 60
agggtgcaca gcagcectgcet gaccgaggtg gagacccceca ccecggaacga gtggggetge 120

cggtgcageg acagcagega ccggggcagg aagcggagaa gegecageca gggcaccaag 180

cggagctacyg agcagatgga aacaggegge gagcggeaga acgcecaccega gatccegggece 240
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150

agcgtgggea
aagctgteeg
ctgteegect
gaccccaaga
ctgatcctgt
gacgccacag
taccagcgga
cagggcagca
accatggtga
aggggcgaga
ggcaagttce
cceggeaacy
ggcagegtgg
ggctacgact
cagaactccc
ctggtetgga
cggggcacca
aacgagaaca
atccggacca
gtgcagccca
gecttecaccey
atggaaagcg
gatgagaagg
ttctteggeyg
tgatgagcgyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

gaatggtegg
actacgaggg
tcgacgageg
aaaccggegyg
acgacaaaga
ceggectgac
caagggctcet
cactgcccag
tggaactgat
acggcaggeg
agacagccge
ccgagatega
cccacaagag
tcgageggga
aggtgttcag
tggcctgeca
gagtggtgce
tggaagccat
gaagcggegg
cctteteegt
gcaacaccga
ccaggeccga
ccaccaaccc
acaacgccga
cegegagete
D NO 43

H: 554
PRT

cggcategge
ceggetgate
geggaacaga
acccatctac
ggaaatccgg
ccacctgatg
ggteccggace
aagaagcgga
ccggatgate
gacccggate
ccagcgggec
ggacctgatce
ctgectgece
gggctacage
cctgateegy
cagcgeegec
caggggccag
ggacagcaac
caacaccaac
gcagcggaac
gggecggace
ggacgtgage
catcgtgece

ggaatacgac

cggttcectaca tccagatgtyg

cagaacagca tcaccatcga

tacctggaag agcaccccag

cggcggaggg acggcaagtg

cggatctgge ggcaggccaa

atctggcaca gcaacctgaa

ggcatggace cceggatgtg

geegetggeyg cagecgtgaa

aagcggggca tcaacgaccg

gectacgage ggatgtgcaa

atgatggacc aggtccggga

ttcetggeca gaagegeect

gectgegtgt acggactgge

ctggteggea tcgaccectt

cccaacgaga accccgcecca

ttcgaggate tgagagtgag

ctgtccacca ggggcegtgca

accctggaac tgcggagecg

cagcagcggyg ccagcegcecgg

ctgecectteyg agagggccac

agcgacatge ggaccgagat

ttccagggca ggggcegtgtt

agcttcgaca tgaacaacga

aactaccect acgacgtgec

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Influen

<400> SEQUE:

Met Asp Trp
1

His Ser Ser

Gly Cys Arg
35

NCE: 43

Thr Trp Ile Leu Phe

5

Leu Leu Thr Glu Val

20

Cys Ser Asp Ser Ser

40

Ala Ser Gln Gly Thr Lys Arg Ser

50

55

Glu Arg Gln Asn Ala Thr Glu Ile

65

Gly Gly Ile

70

Gly Arg Phe Tyr Ile

85

caccgagetyg

geggatggtg

cgceggcaag

ggtgcgggag

caacggcgag

cgacgecace

cagcctgatg

gggegtggge

gaatttttyg

catcctgaag

gagccggaac

gatcctgegg

cgtggecage

ceggetgetyg

caagtcccag

cagcttcate

gatcgecage

gtactgggce

acagatcagce

catcatggee

catcaggatg

cgagctgtee

gggcagctac

cgactacgee

za H5N1 M2E-NP consensus seguence

Leu Val Ala Ala Ala Thr

10

Arg Val
15

Glu Thr Pro Thr Arg Asn Glu Trp

25 30

Asp Arg Gly Arg Lys Arg

45

Tyr Glu Gln Met Glu Thr

60

Arg Ala Ser Val Gly Arg

75

Arg Ser

Gly Gly

Met Val
80

Gln Met Cys Thr Glu Leu Lys Leu

90

95

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1700
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152

Ser

Met

Arg

145

Glu

Thr

Ala

Arg

Ala

225

Ile

Glu

Leu

Phe

305

Ser

Asp

Leu

Pro

Phe

385

Pro

Asn

Trp

Ser

Leu
465

Glu

Ser

Asp

Val

Pro

130

Arg

Glu

Ala

Thr

Met

210

Ala

Arg

Asn

Lys

Arg

290

Leu

Cys

Phe

Leu

Ala

370

Glu

Arg

Met

Ala

Ala

450

Pro

Gly

Ala

Ser

Tyr

Leu

115

Ser

Arg

Ile

Gly

Tyr

195

Cys

Gly

Met

Gly

Gly

275

Glu

Ala

Leu

Glu

Gln

355

His

Asp

Gly

Glu

Ile

435

Gly

Phe

Arg

Arg

Asp

Glu

100

Ser

Ala

Asp

Arg

Leu

180

Gln

Ser

Ala

Ile

Arg

260

Lys

Ser

Arg

Pro

Arg

340

Asn

Lys

Leu

Gln

Ala

420

Arg

Gln

Glu

Thr

Pro
500

Glu

Gly

Ala

Gly

Gly

Arg

165

Thr

Arg

Leu

Ala

Lys

245

Arg

Phe

Arg

Ser

Ala

325

Glu

Ser

Ser

Arg

Leu

405

Met

Thr

Ile

Arg

Ser
485

Glu

Lys

Arg

Phe

Lys

Lys

150

Ile

His

Thr

Met

Val

230

Arg

Thr

Gln

Asn

Ala

310

Cys

Gly

Gln

Gln

Val

390

Ser

Asp

Arg

Ser

Ala
470
Asp

Asp

Ala

Leu

Asp

Asp

135

Trp

Trp

Leu

Arg

Gln

215

Lys

Gly

Arg

Thr

Pro

295

Leu

Val

Tyr

Val

Leu

375

Ser

Thr

Ser

Ser

Val

455

Thr

Met

Val

Thr

Ile

Glu

120

Pro

Val

Arg

Met

Ala

200

Gly

Gly

Ile

Ile

Ala

280

Gly

Ile

Tyr

Ser

Phe

360

Val

Ser

Arg

Asn

Gly

440

Gln

Ile

Arg

Ser

Asn

Gln

105

Arg

Lys

Arg

Gln

Ile

185

Leu

Ser

Val

Asn

Ala

265

Ala

Asn

Leu

Gly

Leu

345

Ser

Trp

Phe

Gly

Thr

425

Gly

Pro

Met

Thr

Phe
505

Pro

Asn

Arg

Lys

Glu

Ala

170

Trp

Val

Thr

Gly

Asp

250

Tyr

Gln

Ala

Arg

Leu

330

Val

Leu

Met

Ile

Val

410

Leu

Asn

Thr

Ala

Glu
490

Gln

Ile

Ser

Asn

Thr

Leu

155

Asn

His

Arg

Leu

Thr

235

Arg

Glu

Arg

Glu

Gly

315

Ala

Gly

Ile

Ala

Arg

395

Gln

Glu

Thr

Phe

Ala
475
Ile

Gly

Val

Ile

Arg

Gly

140

Ile

Asn

Ser

Thr

Pro

220

Met

Asn

Arg

Ala

Ile

300

Ser

Val

Ile

Arg

Cys

380

Gly

Ile

Leu

Asn

Ser

460

Phe

Ile

Arg

Pro

Thr

Tyr

125

Gly

Leu

Gly

Asn

Gly

205

Arg

Val

Phe

Met

Met

285

Glu

Val

Ala

Asp

Pro

365

His

Thr

Ala

Arg

Gln

445

Val

Thr

Arg

Gly

Ser

Ile

110

Leu

Pro

Tyr

Glu

Leu

190

Met

Arg

Met

Trp

Cys

270

Met

Asp

Ala

Ser

Pro

350

Asn

Ser

Arg

Ser

Ser

430

Gln

Gln

Gly

Met

Val
510

Phe

Glu

Glu

Ile

Asp

Asp

175

Asn

Asp

Ser

Glu

Arg

255

Asn

Asp

Leu

His

Gly

335

Phe

Glu

Ala

Val

Asn

415

Arg

Arg

Arg

Asn

Met
495

Phe

Asp

Arg

Glu

Tyr

Lys

160

Ala

Asp

Pro

Gly

Leu

240

Gly

Ile

Gln

Ile

Lys

320

Tyr

Arg

Asn

Ala

Val

400

Glu

Tyr

Ala

Asn

Thr
480
Glu

Glu

Met
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515

520

525

Asn Asn Glu Gly Ser Tyr Phe Phe Gly Asp Asn Ala Glu Glu Tyr Asp

530

535

Asn Tyr Pro Tyr Asp Val Pro Asp Tyr Ala

545

<210> SEQ ID NO 44

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Human immunodeficiency virus type 1

PRT

<400> SEQUENCE:

Met Asp Trp Thr

1

His

Thr

65

Tyr

Ile

Leu

Ser

Asp

145

Lys

Asn

Ala

Pro

Thr

225

Lys

Gly

Thr

Pro

Phe
305

Asn

Ser

Lys

His

50

Asp

Asn

Ser

Cys

Lys

130

Met

Thr

Gly

Cys

Ala

210

Gly

Pro

Gly

Ile

Asn
290

Tyr

Ile

Glu

Glu

35

Ala

Pro

Met

Leu

Val

115

Asn

Asn

Glu

Arg

Pro

195

Gly

Pro

Val

Glu

Ile
275
Asn

Ala

Ser

Glu

20

Ala

Glu

Asn

Trp

Trp

100

Thr

Ser

Cys

Tyr

Tyr

180

Lys

Tyr

Cys

Val

Val

260

Val

Asn

Arg

Arg

701

44

Trp

Lys

Thr

Ala

Pro

Lys

85

Asp

Leu

Thr

Ser

Ala

165

Thr

Met

Ala

Thr

Ser

245

Ile

Gln

Thr

Gly

Gly
325

550

Ile

Leu

Thr

His

Gln

70

Asn

Gln

Asn

Ser

Phe

150

Ile

Leu

Ser

Ile

Asn

230

Thr

Ile

Leu

Arg

Glu

310

Arg

Leu

Trp

Thr

Asn

55

Glu

Asn

Ser

Cys

Asn

135

Asp

Phe

Leu

Phe

Leu

215

Val

Gln

Arg

Lys

Lys

295

Val

Trp

Phe

Val

Leu

40

Val

Val

Met

Leu

Thr

120

Ser

Val

Asp

Asn

Glu

200

Lys

Ser

Leu

Ser

Glu

280

Ser

Ile

Asn

Leu

Thr

25

Phe

Trp

Ile

Val

Lys

105

Asn

Ser

Thr

Lys

Cys

185

Pro

Cys

Thr

Leu

Glu

265

Pro

Ile

Gly

Asp

Val

10

Val

Cys

Ala

Leu

Asp

90

Pro

Ala

Leu

Thr

Leu

170

Asn

Ile

Asn

Ile

Leu

250

Asn

Val

His

Asp

Thr
330

Ala

Tyr

Ala

Thr

Glu

75

Gln

Cys

Thr

Glu

Ser

155

Asp

Thr

Pro

Asp

Gln

235

Asn

Leu

Glu

Met

Ile

315

Leu

540

Ala

Tyr

Ser

His

60

Asn

Met

Val

Tyr

Asp

140

Ile

Val

Ser

Ile

Asn

220

Cys

Gly

Thr

Ile

Gly
300

Arg

Lys

Ala

Gly

Asp

45

Ala

Val

His

Lys

Thr

125

Ser

Asp

Met

Val

His

205

Lys

Thr

Ser

Asp

Asn
285
Pro

Gln

Gln

Thr

Val

30

Ala

Cys

Thr

Glu

Leu

110

Asn

Gly

Lys

Asn

Ile

190

Tyr

Phe

His

Leu

Asn

270

Cys

Gly

Ala

Ile

Arg

15

Pro

Lys

Val

Glu

Asp

95

Thr

Ser

Lys

Lys

Ile

175

Thr

Cys

Asn

Gly

Ala

255

Ala

Thr

Ala

His

Ala
335

Val

Val

Ala

Pro

Lys

80

Ile

Pro

Asp

Gly

Lys

160

Gly

Gln

Thr

Gly

Ile

240

Glu

Lys

Arg

Ala

Cys
320

Lys
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-continued

Lys

Gly

Phe

Asn

385

Ile

Leu

Asn

Asn

465

Leu

Lys

Ala

Arg

Ala

545

Lys

Gln

Thr

Ile

Tyr

625

Glu

Trp

Ile

Leu

Leu

Gly

Phe

370

Asp

Thr

Gly

Ser

Asn

450

Trp

Gly

Arg

Gly

Leu

530

Ile

Gln

Gln

Asn

Trp

610

Thr

Lys

Ser

Ile

Ser
690

Arg

Asp

355

Tyr

Thr

Leu

Lys

Asn

435

Thr

Arg

Ile

Ala

Ser

515

Leu

Glu

Leu

Leu

Val

595

His

Lys

Asn

Trp

Val

675

Ile

Glu

340

Leu

Cys

Thr

Pro

Ala

420

Ile

Ile

Ser

Ala

Val

500

Thr

Leu

Ala

Gln

Leu

580

Pro

Asn

Leu

Glu

Phe

660

Ile

Val

Gln

Glu

Asn

Trp

Cys

405

Met

Thr

Glu

Glu

Pro

485

Gly

Met

Ser

Gln

Ala

565

Gly

Trp

Met

Ile

Gln

645

Asp

Gly

Asn

Phe

Ile

Thr

Asn

390

Arg

Tyr

Gly

Thr

Leu

470

Thr

Ile

Gly

Gly

Gln

550

Arg

Ile

Asn

Thr

Tyr

630

Glu

Ile

Gly

Arg

Asn

Val

Thr

375

Asn

Ile

Ala

Leu

Phe

455

Tyr

Lys

Gly

Ala

Ile

535

His

Val

Trp

Ala

Trp

615

Thr

Leu

Ser

Leu

Val
695

Lys

Met

360

Gln

Thr

Lys

Pro

Leu

440

Arg

Lys

Ala

Ala

Ala

520

Val

Leu

Leu

Gly

Ser

600

Met

Leu

Leu

Lys

Val

680

Arg

Thr

345

His

Leu

Ala

Gln

Pro

425

Leu

Pro

Tyr

Lys

Met

505

Ser

Gln

Leu

Ala

Cys

585

Trp

Glu

Ile

Glu

Trp

665

Gly

Gln

Ile

Thr

Phe

Gly

Ile

410

Ile

Thr

Gly

Lys

Arg

490

Phe

Val

Gln

Gln

Met

570

Ser

Ser

Trp

Glu

Leu

650

Leu

Leu

Val

Ser

Phe

Asn

Ser

395

Ile

Ser

Arg

Gly

Val

475

Arg

Leu

Thr

Gln

Leu

555

Glu

Gly

Asn

Asp

Ala

635

Asp

Trp

Lys

Thr

Leu

Asn

Ser

380

Asn

Asn

Gly

Asp

Gly

460

Val

Val

Gly

Leu

Asn

540

Thr

Arg

Lys

Lys

Arg

620

Ser

Ser

Tyr

Ile

Arg
700

Asn

Cys

365

Thr

Asn

Arg

Pro

Gly

445

Asp

Arg

Val

Phe

Thr

525

Asn

Val

Tyr

Leu

Ser

605

Glu

Gln

Trp

Ile

Val

685

Val

Gln

350

Gly

Trp

Asn

Trp

Ile

430

Gly

Met

Ile

Gln

Leu

510

Val

Leu

Trp

Leu

Ile

590

Leu

Ile

Ile

Ala

Gly

670

Phe

Ser Ser

Gly Glu

Asn Glu

Glu Thr
400

Gln Glu
415

Asn Cys

Asp Asn

Arg Asp

Glu Pro
480

Arg Glu
495

Gly Ala

Gln Ala

Leu Arg

Gly Ile
560

Lys Asp
575

Cys Thr

Asp Lys

Asp Asn

Gln Gln

640

Ser Leu
655

Val Phe

Ala Val

The invention claimed is:

1. A nucleic acid molecule comprising a nucleotide
sequence selected from the group consisting of: SEQ ID
NO:34; and a nucleotide sequence having at least 90%

homology to SEQ ID NO:34.
2. The nucleic acid molecule of claim 1, wherein the 65

nucleic acid molecule comprises the nucleotide sequence of

SEQ ID NO:34.

60

3. The nucleic acid molecule of claim 1 selected from the
group consisting of: a nucleic acid molecule comprising a
nucleotide sequence having at least 95% homology to SEQ
1D NO:34; a nucleic acid molecule comprising a nucleotide
sequence having at least 98% homology to SEQ 1D NO:34;
and a nucleic acid molecule comprising a nucleotide
sequence having at least 99% homology to SEQ ID NO:34.
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4. A nucleic acid molecule comprising a nucleotide
sequence that encodes SEQ ID NO:35.

5. The nucleic acid molecule of claim 1 wherein said mol-
ecule is a plasmid.

6. A pharmaceutical composition comprising a nucleic
acid molecule of claim 1.

7. An injectable pharmaceutical composition comprising a
nucleic acid molecule of claim 1.

8. A recombinant vaccine comprising a nucleic acid mol-
ecule of claim 1.

9. The recombinant vaccine of claim 8 wherein said recom-
binant vaccine is a recombinant vaccinia vaccine.

10. A live attenuated pathogen comprising a nucleic acid
molecule of claim 1.

11. A method of inducing an immune response in an indi-
vidual against h\TERT comprising administering to said indi-
vidual a composition comprising a nucleic acid molecule of
claim 1.

12. A method of inducing an immune response in an indi-
vidual against h\TERT comprising administering to said indi-
vidual a composition comprising a nucleic acid molecule of
claim 4.

10
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